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(57) Abstract 

A process for making a protective and decorative surfacing fihn comprises extrusion coating a solid polymeric material to form an 
optically clear first layer (10) on a smooth surface of a carrier sheet (12). The extrusion coated first layer is immediately cooled, followed 
by applying a pigmented second material (22) in thin fihn form. The canposite paint coat is then transferred to a supportive backing, after 
which the carrier sheet is removed to expose the high gloss outer surface of the first layer. The second layer may be solvent cast, extrusion 
coated, or coexurudcd with the first layer. 
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EXTRUSION COATING PROCESS FOR MAKING 

PROTECTIVE AND DECORATIVE FILMS 
Fidd of the Invfinfinn 

5 This invention relates generally to the use of extrusion coaling techniques for forming 

multilayer pamt coated fihns. More particularly, multilayer coatings are made by extrusion 
coating one or more layers onto a surface-controlled plastic carrier sheet to produce high 
quaUty fihns at high speeds while avoiding solvent emission problems characteristic of the 
use of solvent-based paints. 

10 Background of the Invention 

1- Exterior Automotive AoplicatinTis 

Exterior automotive body panels have been made in the past by spray painting sheet 
metalparts. Multilayer paint coats, such as those referred to as a clear coat/color coat paint 
finish, have been used to produce desirable optical effects. In addition to high gloss and high 
distinctness-of-fanage (DDI), these paint coats also aie highly durable by providing chemical 
resistance, abrasion resistance and weatherabUity that avoids degradation by ultraviolet light- 
In more recent years molded plastic car body panels have been made with decorative 
clear coat/color coat paint fihns bonded to the molded plastic panel. Use of such fihns 
avoids certain environmental problems associated with evaporation of paint solvents while 
also reducmg or eliminating the need for pamt facilities and emission controls at the 
automotive production plant. 

Because of the growmg need to reduce the amount of attnospheric poUution caused by 
solvents emitted during the painting process, many different q)proaches have been taken m 
recent years for producing tiiese decorative fihns. These processes are generaUy categorized 
by sohjtion casting techniques or extrusion techniques. For instance, U.S. Patents 4.810,540 
to EUison et al., and 4,902,557 to Rohrbacher use sohition casting techniques in which 
liquid-cast, solvent-based clear coats and pigmented base coats are applied to a flexible 
casting sheet by a coating process such as reverse roU coating or gravure printing. The 
Uquid cast layers are separately applied and then dried at high temperatures to evaporate the 
30 solvents. 

As an alternative, extruded fihns have been used for making exterior automotive clear 
coat/color coat fihns. International application PCT US93 07097 to Duhme describes an 
approach in which paint fihns are made by coextrudmg a base coat and a clear coat as 
separate extruded layers onto a carrier sheet. Ihe carrier is used as a supporting sheet for 
the clear coat and color coat in a subsequent injection molding process. The extruded clear 
coat and color coat are supported m the mold by tiie carrier and shaped in die mold. The 
clear coat is a coextraded sheet having different proportions of polyvmylidene fluoride 
(PVDF) and acrylic resins m each layer of flie coextrusion. 
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U.S. Patents 4.317.860 and 4.364,886 to Strassel also disclose coextnision of 
multilayer films such as a two-layer coextrusion of predominantly PVDF on one side and a 
predommantly aciyUc resin on the other side of the extnided sheet. These unitary structures 
are used to make molded articles, or to adhere the sheets to a molded polymer. 

Fihn extrusion techniques also have been used in the past for making ftee fihns in 
which the extruded polymeric material is coaled on a polished drum. These fihns are then 
undercoated with various color coats. The exterior sur&ce of the extruded ftee fihn that 

contacts the dnmi (and is separated firom the drum as a ftee fihn) does not have a high gloK 
and distincmess-of-unage. Also fihns manufactured in this manner do not have a carrier 
sheet attached, which makes them hard to handle and easUy damaged m subsequent 
processing. 

Another approach disclosed m U.S. Patent 5,114,789 to Reafler comprises a 
pigmented base coat which is solvent-die extrusion coated onto a flexible, stretchable carrier 
sheet and dried at elevated temperatures to evaporate solvents, followed by extrusion coatmg 
a reactive clear coat on the base coat. The carrier fihn and extrusion coated pamt layers are 
then heat softened as a unitary sheet and applied to a molded shaped substrate by a shrink 
wrap process. 

In a currently used process for making exterior automotive fihns, a clear coat and 
color coat comprismg blends of PVDF and acrylic resins are cast by reverse roll coaler, 
either by sohition or dispersion casting. The fihn thickness of the pamt coats used m the 
process generally is dictated by end user requirements. In some mstances the need to 
produce relatively thick fihns can impose certampnxhictionconstramts. To adequately dry 
the material and to prevent an- entrapment, hne speeds are typicaUy at 25 feet per mmute 
This slow throughput lunits die coating capacity of the reverse roll coaler and also releases 
a large amount of organic solvents. This solvent release is particularly evidem when a 
sohition^t PVDF/acrylic clear coat is coated from a solvent-based sohition havmg a 
relatively high amount of solvent. VOC emissions are high. PVDF has Ihnited sohibihty 
and requnes strong solvents to dissolve. One such solvent known as N-mediyl pyrrolidone 
(tiade name M-Pyrol) is needed to solubilize the resin in sohition casting or can be used as 
30 a coalescmg aid m dispersion casting. In addition, cross contamination can occur from 
solubilizmg residual material in previously used drums, hoses, pans, pumps, etc Also 
dunng coating, the strong solvent can dissolve caked-on resms m a drying oven causing 
them to cascade down on die web bemg coated. As a fimher concern, these strong solvents 
are e;q)ensive. 

Thus, there is a need for producing decorative and protective surfacmg fihns while 
avoidmg die adverse efi^ects of low production hne speed, high VOC, cross-contammation 
and die use of expensive solvents. Extrusion techniques can be an alternative that avoids the' 
use of stn,ng solvents and their related solvent emission problems. Extrusion techniques such 
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as those described above, however, have not been successfully adapted to producing high 
quahty fUms at high line speeds and at low cost. 

The present invention provides an extrusion coating process that is an alternative to 
solution or dispersion casting of polymeric fihns and conventional extrusion. Tbs invention 
IS particularly useful with PVDF/aciylic fihns while avoiding use of the strong solvents and 
theu- rehled problems described previously. Use of the extrusion coating techniques of this 
invention provides the advantages of avoiding expensive solvents, producing no VOC 
emissions, and avoiding cross-contamination associated with solvent casting. In addition, and 
as emphasized m more detail below, the present invention has the added advantage of gr^y 
increasing line speed, eliminating steps m the mamifactoring process, and reducing costs for 
producing the clear coat/color coat fihns. 

Further, the invention has particular applicability to the manufacture of molded plastic 
exterior automotive body panels and parts. The invention provides a means for producing 
high gloss, high DOI clear coat/color coat paint fihns of exterior automotive quahty. 
2. Exterior Siding Panpl Applira»;»»c 

Although the invention is described above wifli respect to exterior automotive 
applications, the invention also has applicability as a protective and decorative coating for 
other articles such as interior automotive components, exterior sidiiig panels and related 
outdoor construction products, marine products, signage, and other interior or exterior fihn 
20 products widi similar constructions. 

The fonowing descrqjtion relating to vinyl (PVC) siding panels is an example of one 
use of the invention for producing outdoor weatherable decorative surfaces on extruded 
plastic sheets. The invention, however, is applicable to plastic substrate panels other than 
vinyl. 

Wood, metal and vmyl are materials commonly used as boards or shingles for siding 
in the construction and remodeling of commercial and residential strucdires. Painted wood 
is periiaps the most aestheticaUy pleasing of these materials to the consumer, bm wood 
suffers from deterioration by rotting and attack by insects, rodents and birds. Wood surfeces 
need constant re-protection widi pamt, stains and water sealants. 

Advantages of metal over wood mclude the ability to provide a baked-on finish that 
is more resistant to the elements than coatings applied to wood, flms eliminating subsequent 
material and labor costs to the consumer. However, metal-based siding has less diermal 
msulation vahie and is sensitive to scratchmg and denting by hail and other blows to the 
surface. In addition, it does not have the pleasing look of a wood surfece. 

Vinyl siding has an economic advantage over most high quality wood and metal siding 
It has better insulating qualities than metal, and it is more resistant to denting and scratching. 
However, vinyl is sensitive to degradation from ultraviolet rays of the sun. Previously, vinyl 
siding has suffered aestiietically compared to wood because of the generally higher gloss or 
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unifonn sheen of vinyl siding, which has a rather unnatural or "plastic" look. In addition 
It IS difficult to dec rate vinyl surfaces wifli a natural-looking wood grain pattern diat i^ 
pleasing to the consumer. 

The present invention overcomes the drawbacks of presently available vinyl siding by 
providing a process that economicaUy produces a vinyl-based siding panel witii a superior 
outdoor weaiherable surface having the look of either a painted wood surface or nadiral 
uiq)aint6d wood grain. 

A vinyl siding presenfly on the market is made by a process in which an extruded 
sheet of PVC is decorated and embossed to produce a wood grain appearance A 
sdicone^ated release paper is used m this process to transfer a printed wood grain pat^ 
tothevmyl. Typically, an acrylic clear coat and a color coat witii a wood grain pattern are 
coated on flie p^r carrier sheet and then transfer-laminated onto the vinyl extrusion under 
heat and pressure. The wood grain color coat can simulate tiie appearance of pamted or 
mipamiedwood. The clear coat and wood grain color coat bond to the extrusion and release 
ftom tiie paper carrier sheet so fliat die clear coat forms a protective outer coating for tiie 
underlying wood grain color coat. During die transfer process, the release paper is pressed 
mto contact with the extrusion by an embossing roll that transfers deep embossments to the 
smto of flie transferred decorative wood grain. The deep embossments or indentations 
pioduce a -shadow" effect in tiie finished surface fliat more truly resembles die sheen of 
natural wood. Widiout diese embossments, die vmyl wood grain-simulating surface has a 
flat appearance at different light angles - an umiamral look diat gives die misatisfectory 
^q)earance of a plastic simulated wood panel. 

There are several drawbacks to diis prior art process of making vinyl wood grain 
panels. A princqial disadvantage is diat gloss levels produced by diis process are too high 

Surface gloss can be measured by various techniques; and according to one technique (AST^ 
D 3679-86, 5.11), surface gloss levels produced by die prior art process generaUy have a 75° 

gloss reading from about 40 to abom 50 gloss miits. A much lower matte surfece widi a 
gloss readmg below about 20 gloss units, and preferably below about 12 gloss units, is 
desnable to produce a more namral looking simulated wood grain finish. 

In addition to its surfece gloss problem, die silicone-coated paper carrier sheet of die 

pnor art can prevent carefiiUy controlled printing of die decorative coatings. The carrier 
sheet also should release fteely ftom die decorative layer transferred to die extruded viiiyl 
sheet. Transfer of die decorative wood grain layer to die vinyl sheet takes place at high 
temperatures, since die decorative coating may be transferred to die heated vmyl extrusion 
mimediately after it exits die extruder die opening. If die vinyl sheet is embossed when die 
wood grain coat is ti^erred, embossing temperattires should be high in order to physicaUy 
form die embossments. A substantial reduction in temperanire of die vinyl extrusion prior 
to embossmg can mhibit forming deep embossmems. If die transferred wood grain coat has 
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a highly roughened surface, in order to produce lower gloss, the surface roughness can 
mterfere with proper release of the carrier sheet. At the high transfer and embossing 
temperatares, certain coatings on the carrier sheet can preferentially adhere to the carrier 
rather than pn^rly releasing from it. 

The decorative coatings transferred to a vinyl sheet to provide a wood grain or other 
surfece finish also should protect the underlying vinyl, panel from UV degradation, 
delamination, and other weather problems. 

Thus, there is a need for a process for manufacturing decorative wood grain vinyl 
sheets with a sufficiently low gloss surface to resemble the appearance of naOiral wood grain, 
painted or unpainted. In a oransfer process in which the wood grain coating is printed on a 
carrier and transferred from the carrier to a vinyl extrusion, while the vinyl is being deeply 
embossed, there is a need to ensm:e that the decorative wood grain coat properly releases 
from the carrier and bonds to the vinyl. The deep embossing step must not be adversely 
affected; the low matte sur&ce of the decorative wood grain must not adversely affect proper 
release frt>m the carrier; and these steps must be carried out at the high ten^jeratures and 
pressures necessary for proper embossing. 

These technical problems have been solved, to a great extent, by the process disclosed 
in the applicant's U.S. Patent 5,203,941 to Spain et al.. which is incorporated herein by 
lefiwence. The Spain et al. patent discloses solvent-cast paint films applied as a decorative 
coating to die matte release carrier sheet. The present invention provides a process for 
making the vinyl siding panels in which die disadvantages of using solvent-cast fflms for die 
outer protective coat are avoided. 

One aspect of tins invention provides a process for making decorative wood grain 
extruded vinyl sheeting suitable for outdoor use, in which die surfece of die decorative wood 
gnun has a sufBciendy low gloss to resemble natural wood grain. As an option, die 
decorative wood grain surface can be deeply embossed to produce a namral looking wood 
grain surface. The low gloss wood grain coat transfers to an extruded vinyl sheet and 
properly bonds to die vinyl extrusion, whUe die carrier on which it is coated properly 
releases from die transferred decorative surface at elevated temperatures. The invention also 
provides extruded plastic siding panels widi weadierable decorative surface coatings diat 
inhibit loi^ term UV deterioration and delamination problems, 
Siimmary pf the Invention 

Briefly, one embodiment of diis invention comprises a process for making a protective 
and decorative surfacing fihn comprising extrusion coating a solid polymer from an extruder 
die direcdy onto a movmg carrier sheet to form an extruded coating of uniform fihn 
fliickness on a smoodi surface of die carrier sheet. The extrusion coated layer is preferably 
formed as an opticaUy clear first layer on die carrier which travels at high speed past die 
extruder die opening. The exttusion coated first layer is hardened by a temperature 
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reduction, such as by contact with chill rolls, followed by applying a pigmented second layer 
in tbin film fonn on the cooled first layer to fonn a composite paint coat in which the first 
and second layers arc bonded to each other. An optional size r adhesive coat may be 
apphed to the second layer. The composite paint coat is preferably transferred to a backing 
sheet or otiier substrate panel, after which the carrier sheet is separated from the resulting 
lammate to expose an outer surface of the first layer as a high gloss surface with a high 
distincmess-of-image providing a transparent protective outer coat for the pigmented second 
layer and the underlying substrate panel. 

Although various polymeric fihn-forming materials can be used for forming die 
extrusion coated outer layer, die preferred extiudable material is a blend or alloy of a 
fluoropolymer and an aciylic resin in which the fluoropolymer is preferably poly viiiylidene 
fluoride (PVDF). yuwuc 

The pigmented second layer, in one embodiment, can be solvent cast onto the 
extnision^ated first layer, or alternatively, die first and second layers can be formed as a 
coextrusion which is tiien coated onto die moving carrier sheet. 

Odier fonns of die invention inchide coextniding various layers of die conqwsite 

lammate including not only die clear coat and underlying color coat but also size tieand 
odier functeonal coats as weU. The carrier can also be extruded in tandem. 

Since one or more layers of die composite paint coat can be extrusion coated using 
solid polymers, the process avoids die use of expensive solvents and also avoids VOC 
emissions and cioss<oniaminations associated widi solvent casting. TTie process also can 
reduce production time and costs. A line speed for extrusion coating can be at least 50 feet 

per minute and in some instances in excess of 200 feet per minute, as compared to 25 feet 
per minute for solvent casting techniques. 

Such improvements in line speed and related improvements in quaUty of die extrudate 
are produced by controlling die compatibility of die blended polymeric materials dmt 
comprise die baddxMie of die extruded material. By matching die melt viscosities of die 
blended polymeric materials in tiiat diey are reasonably close to each odier die flow 
characteristics of die aUoyed material when heated to die extrusion teiiqxjramie 'produce a 
smootii, mote uniform flow which also avoids stress foimation and visual defects in die 
hardened fihn. 

These and odier aspects of die invention wiU be more fiUly understood by referring 
to the following detailed description and die accompanying drawings. 
Brief Description of the Drawing s 

HG. 1 is a schematic diagram generaUy illustrating one embodiment of die invention 
m which a clear coat is extrusion coated onto a carrier sheet followed by a solvent cast color 
coat. 
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HG. 2 is a schematic diagnun Ulustratiiig a process of applying a release coat or gloss 
conttol coat to a carrier sheet and then extrusion coating a clear coat on the release^ated 
earner sheet. 

HG. 3 is a schematic diagram illustrating a further step in the process in which the 
clear coat/color coat fihn is transfer-laminated to a thin semi-rigid baddng sheet. 

HG. 4 is a schematic diagram iUustrating an alternative subsequent step m the process 

m which a paint fihn is applied to a backing sheet whUe the sheet is being formed by fl« 
she« extnuter. ' 

5 is a schematic diagram ilhistrating final steps of the process in which the 
lammate produced by the steps shown in FIGS. 3 or 4 is vacuum-formed and then injection 
molded to produce a finished panel. 

HG. 6 is a schematic cross-sectional view iUustiating multiple layers of the finished 
paint coated panel of HG. 5. 

HG. 7 is a schematic diagram iUustrating an embodiment of the invention in which 
a clear coat and a color coat are formed as extrusion coatii^s applied to a carrier sheet 
HG. 8 IS a schematic diagram illustrating an embodiment of the invention in which 

a clear coat and color coat are produced as a coextrusion coating on a earner sheet. 

HG. 9 is a schematic diagram iUustrating an embodiment of the mvention in which 
resms and additives are compounded by meh blending m an extruder to produce 
homogeneous peUets for use in the extrusion coating process. 

HG. 10 is a schematic diagram iUustirating an embodiment in which a clear coat is 
extrusion coated onto a carrier sheet foUowed by a separate coextrusion coating of a color 
coat and size coat q)plied to the same clear coated carrier sheet. 

HG. 1 1 is a schematic diagram Ulustrating an embodiment in which a release gloss 
control coating is applied to a carrier sheet by a solvent process foUowed by an 
extrusion^oated clear coat which is dien printed with solvent-based giavure patterns and then 
coextrusion coated with a color coat and a size coat. 

HG. 12 is a schematic diagram iUustrating an embodiment in which a coextruded 
substrate is formed, foUowed by a coextrusion coated color coat and clear coat to which a 
earner sheet is applied at the extrusion coating/laminating station. 

HG. 13 is a schematic diagram Uhistrating an embodiinent in which a sheet containing 
a substrate, size coat, color coat and clear coat as shown m HG. 12 is fonned and extrusion 
coated wiA a canier sheet rather than applymg it at a laminating station. 

HGS. 14 and 15 are schematic cross-sectional diagrams iUustrating an in-mold process 
where a laminate is placed direcUy into an injection mold and molded into a finished panel 

HG. 16 is a schematic diagram illustrating an embodnnent in which a substrate is 
coextruded in sheet fonn. foUowed by extrusion coating a size coat, a color coat and a clear 
coat, foUowed by mtroduction of a carrier sheet. 
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1 HG. 17 is a schematic diagram Uhistrating a process for making siding panels 

comprising the initial steps of applying a series of grain prints or patterns. foUowed by one 
or more color coats and a size coat. 

HG. 18 is schematic diagram iUustrating an in-line decorative transfer and embossing 

5 step in the process for making extruded plastic siding panels with embossed decorative wood 
grain surfaces. 

HG. 19 is a schematic cross-sectional view iUustrating components of one embodiment 
of a decorative wood grain foil. 

HG. 20 is a schematic cross-sectional view Ulustrating components of a finished 
10 plastic siding panel. 

HG. 21 is a schematic diagram iUustrating an embodiment of the invention in which 
a carrier sheet is extrusion coaled with a clear coat followed by an extrusion coating of a 
color coat, an optional extrusion coating of a PVC color coat, and transfer of a pressure 
sensitive adhesive. 
15 Detailed Descrip riftn 

HG. 1 schematicaUy iUustrates one embodiment of the invention in which a clear coat 
fihn 10 (also referred to as a clear topcoat) is extrusion coated onto a flexftle carrier sheet 
12. The carrier sheet is preferably a flexible, heat-resistant, inelastic, self-supporting high 
gloss polyester (PET) temporary casting sheet. In one embodiment, die carrier sheet can be 
a two mil thick biaxially oriented polyester fdm such as that sold under the designation 
Hostaphan 2000 polyester fUms by Hoechst Celanese Corp. The carrier sheet can be 
optionaUy release coated as described below. 

The clear coat preferably comprises a solid polymeric material that can be extruded 
as a transparent fUm. The clear coat polymer is a solid polymer in the sense that it contains 
essentiaUy no solvents that require high temperanire exposure for drying or otherwise 
hardening the clear coat fihn. The polymeric material can comprise various thermoplastic, 
thermoformable and weatherable polymers such as acryUcs, urethanes. vinyls, 
fluoropolymers, and blends thereof. Polyvinylidene fluoride (PVDF) and polyvinyl fluorid^ 
(PVF) are preferred fluoropolymers. A presently preferred extnidable polymeric material 
comprises a blend or aUoy of PVDF and acryUc resins. The preferred acrylic resin is 
polymetfiyl methaciylate (PMMA) or copolymers thereof, aldiough polyethyl methacrylate 
(PEMA) also can be used. In a presently preferred formulation the clear coat material 
comprises from about 50 percent to about 70 percent PVDF and from about 30 percent to 
about 50 percent acrylic resin, by weight of the total solids present in the PVDF/acrylic 
formulation. That is, these soUds ranges are based on die relative proportions of the PVDF 
and acrylic components only in the clear coat formulation. OUier minor amounts of solids 
such as UV stabilizers, pigments, and fiUers also may be contained in the clear coat 
formulation. 
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The clear coat polymer is preformed as an extrudable material m peUet fonn fed from 
a hopper 14 to an extruder having an extruder die 16 adjacent the surface of the carrier sheet. 
The carrier sheet is provided as a supply roll 18, is unwound, and travels at a high line speed 
past the extruder die opening. In one embodiment, line speed exceeds 200 feet per minute. 
The die extrudes the polymeric material through a narrow slot to form a thin low viscosity 
coating of a Uquid of uniform thickness that uniformly coats the carrier sheet which is 
continuously moving at high speed past the extrader die slot. Extrusion temperature is in 
excess of 340"?, and in some instances can approach 450??. The entire thickness of the 
coating for the pass under the extruder die is appUed across the width of the carrier. The 
extruded coating is immediately cooled thereafter, by contact with a chill roU 17, which 
hardens the extruded clear coat layer. The cooling step using the chill roll is described in 
more detail below. The extrusion coated carrier is wound as a take-up roU 20. 

A pigmented color coat material 22 is solvent cast on the extruded clear coat side of 
the carrier 12. The color coat 22 can comprise various polymers used as binders for paint 
fflms such as thermoplastic, thermoformablc and weatherable acrylics, methanes, vinyls, 
fhioropolymers and blends thereof. The fluoropolymers preferably comprise PVDF or 
copolymers of PVDF resins. The preferred color coat formulation is a blend of copolymers 
of PVDF and an acrylic resin. Preferably, the acrylic cornponent can comprise PMMA, 
although PEMA also can be used. In addition, reflective flakes can be uniformly dispersed 
20 in the color coat to produce automotive fihns having a metallic S9»peaiance. Formulations 
for solvent casting the color coat formulation are described for example in Intemational 
Application WO 88/07416 to Spam et al. which is incorporated herein by this reference. 
Following solvent castmg of the color coat on the clear coat, the color coat is dried at 
elevated temperahires to evaporate the solvents, and the paint coated carrier is then wound 
25 as a take-up roU 38. An optional size or adhesive coat may be applied to the color coat side 
of the carrier sheeL 

In anotfier embodiment of the invention, die clear topcoat 10 can be extrusion coated 
in thin fihn form generaUy ranging from about 0.1 mil to 3.0 mils in thickness onto the 
surface of the carrier 12. Thicker top coats may be used for certain multi-layer fitais 
containing a base coat with reflective flakes. The carrier is preferably an oriented polyester 
casting fihn such as DuPont Mylar A or Hoechst Hostaphan 2000. The thickness of carrier 
sheet can be from 0.48 mil to 3.0 mils thick, but preferably 1.42 to 2.0 mils functions best 
for subsequent coating and lamination operations, that is, for web control and heat transfer 
properties. 

In this embodhnent, the carrier fihn is unwound, then passed to the extrusion coating 
die 16 where the clear topcoat 10 is extrusion coated onto the carrier sheet. The topcoat 
formulation is preferably an extrudable solid polymeric material comprising a 
fhiorocarbon/acrylic blend such as polyvinylidene fluoride, i.e., Kynar 720 (Hf Atochem), 
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and polymethyl methacrylate. i.e.; Plexiglas VSlOO (Atohaas). The fluoiocarbon polymer 
content m these blends can nmge from about 50% to about 70% and the acrylic component 
can range from about 30% to about 50%. Other fluorocarbons, other acrylics and 
copolymers thereof may also be used as topcoats. The preferred topcoat thickness ranges 
from about 0.5 to 2.0 mils in order to obtain the needed gloss. DOI, and abrasion 
weathenng. and impact resistance in the finished product. ITie resulting clear coat film i^ 
not a free fihn or a self-supporting film and requires use of the carrier sheet 12 for support 
throughout the process. 

HG. 2 is a schematic diagram iUustiating in more detail the successive steps in an 
extrusion coating process illustrated generally in HG. 1. HGS. 3 through 5 are schematic 
diagrams iUustrating successive steps in the extrusion coating process as applied for 

producmg an exterior automotive quality paint coat on a molded plastic car body panel The 
extrusion coated clear coat/color coat film is bonded to a contoured surfece of a molded 
phistic car body panel to form a high gloss/high DOI protective and decorative outer surface 
on the finished body panel. HGS. 2 through 5 are to be miderstood as one embodiment of 
a use of the extrusion coated fihns of this invention, inasmuch as other appUcations are also 
within the scope of die invention as it applies to protective and decorative surfacing fihns for 
substrate panels. 

Referring to HG. 2, the carrier 12 is first coated with an optional release coat which 

provides a means of controUing the gloss and DOIlevels of the extruded clear coat TTie 
siq>ply roU 18 of the carrier film 12 is shown witii the carrier sheet passing around a series 
of tolls pnor to qjplying a release coat material 23 to the surfece of the carrier by a 
conventional gravure cylinder 24. The release coat is preferably a silicone-based liquid 
coatmg appbed to the carrier by a conventional coating process such as gravure printing or 
by direct or reverse roll coating. The release coated carrier flien passes through an oven 26 
for drymg the release coat. The drying oven preferably comprises an impinging air oven 
sufficient for drymg and crosslinking the release coat material. Application of the release 
coat is preferably controUed so diat it produces a high gloss surface in its dry fihn form 

The release coated carrier sheet 27 then exits the drying oven 26 and passes to the 
extrusion coating operation where the extruder die 16 extrusion coats the clear coat fihn 10 
onto the release-coated surface of the carrier sheet. Immediately following the extrusion 
coating step the clear-coated fihn passes around the chill roll 17 where the fihn midergoes 
controlled cooling. One or more water cooled chill rolls can be used for contacting the 
earner sheet to produce controUed temperaUire reduction. The process by which the carrier 
IS cooled also controls the exterior gloss and DOI of the finished product. THe extrusion 
tppcoated and release coated carrier fihn 28 is then wound as the take-up roU 20. 

Referring again to HG. 1. the clear coat side of the carrier 28 is coated with a solvent 
cast color coat. TTie solvent cast color coat material 22 is applied by a reverse roll coating ' 
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station 30. although the color coat fihn also can be applied by gravuie printing or other 
solventcastingorcoatingtechniques. The paint coated fihn 32 comprising the extruded clear 
coat and solvent cast color coat then passes to a drying oven 34. The color coat is preferably 
dned at oven temperatures from about 250»F to 400-F. Preferably, drying is done in 
muluple stages as is known in the art. The solvent gases are driven off by the drying 
P^, leaving a fihn 36 that exits the oven comprising a color coat in haidened foZ 

bonded to the extrusion coated clear coat on the release coated carrier sheet. lUe fihn 36 
IS then wound as the take-up roll 38. 

The color coat side of the paint coat on the carrier may next be coated widi a size coat 
such as a thennoplastic adhesive. A chlorinated polyolefin (CPO) adhesive is used as the tie 
coat for bondmg to a substrate made of thermoplastic polyolefin. A CPO size coat 
formulation preferably mchides Hypalon 827B (DuPont) mixed with a solvent such as tohiene 
m a ratio of about 25%/75%, by weight. 

Refers tome. 3, the paint coated carrier 36 is next laminated to a thermoformable 
polymenc backing sheet by dry paint transfer-laminating techniques. The laminating step 
mcludes separating dte carrier sheet from the clear coat layer and snnultaneously bondmg the 
clear coat and color coat to a semi-rigid backing sheet 40. The backing sheet 40 is initially 
wound as a supply roU 41 and is unwound and fed to a transfer-laminating station 42 THe 
Aickness of the backing sheet is prefenrt,ly in a range from about 1 0 to about 40 mils wifl, 
20 mdsbemg a preferred thickness of the hacking sheet. ITie backing sheet can be made 
frraa various polymeric materials such as theimoplastic polyolefin. polyester. ABS. nylon. 
PVC. polycarbonate, polyarylate. or polyolefin such as polypropylene or polyefliylene TTie 
pamt coated carrier and backing sheet pass between a heated laminating drum 44 and a 
pressure roll 46 for pressing the overlapping sheets mto contact and for heatii^ them at a 
temperature sufficient to activate the adhesive size coat, which may be coated on die dried 
color coat. Alternatively, 4e size coat may be coextruded with a backing sheet or lammated 
to the backing sheet prior to lamination of the clear coat and color coat to the backing sheet 
The process of HG. 4 transfers the paint coat (clear coat/color coat) to die surface of die 
semi-rigid thermofonnable backing sheet. 

FoUowing die transfer-laminating step, die carrier sheet 27 is separated from die 
resultmg laminate and womid as an unwind roll 48. and the resulting laminate 49 (which 
comprises die dieimofoimable backing sheet widi die adhered color coat and clear coat) is 
wound as a take-up roU 50. The exposed clear coat side of die resulting laminate 49 is 
measmed for DOI and gloss. The smoodi surface of die release coated carrier sheet 27 
transfers to die clear coat side of die sheet and is replicated on die smoodi surface of die 
lammate. which results in a high gloss and a high DOI appearance. A high DOI greater ftan 
60 and a high 20" gloss greater dian 75 are achieved widi diis invention 
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FIG. 4 aiustrates an alternative process of transferring the clear coat/color coat paint 
film to a thermofonnable backing sheet. In this embodiment the backing sheet 52 is 
continuously extruded firom an extruder die 54 while the paint fihn 36 supported by the 
earner is unwound firom the loU 38 and continuously extrusion laminated to the backing sheet 
as It B being formed by the sheet extruder. TTie backing sheet may be made from any 
extrudable polymeric material selected from the group of backing sheet materials discussed 
previously. The resulting laminate (comprising die carrier-supported clear coat/color coat 
fihns laminated to the extruded sheet 52) passes to a calendar/chiU roll stack 58 for hardening 
die backing sheet and bonding die clear coat/color coat fihn to it The finished paint fihn 
laminate 56 is wound as a take-up roll 58 after the release coated carrier sheet 27 is 
rranoved. 

Referring to HG. 5. die paint coated backing sheet 49 (from die HG. 3 process) or 
56 (from die HG. 4 process) dien passes to a tiiermoforming step where die sheet is 
tiiermofoimed into a desired contoured direenlimensional shape. The dieimofonning 
operation generally includes placing die paint coated backing sheet in a vacuum forming 
machine 57, and heating it to a temperature in die range of about 270°F to 540»F The 
paint-coated side of the backing sheet is exposed during die diermoforming operation After 
die laminate is heated to die desired temperatore. die laminate is vacuum formed into die 
desired diree-dimensional shape by drawing a vacuum on a vacuum forming buck to force 
die molten plastic into die shape of die working surface of die buck. Pressure also may be 
used to force die sheet around die tool. The buck stays in place long enough to cool die 
plastic to a solid state, after which die laminate is removed fiom its surface to form die 
resulting tiiree-dfanensionaUy contoured shape of die paint coaled laminate 58 In one 
embodiment, die paint coat can elongate firom about 40 percent to about 150 percent greater 
dian its unextended state during die diermoforming step widiout deglossing, cracking sttess 
whitemng, or odierwise disrupting die exterior automotive durability properties Ld die 
appearance properties of gloss and distincmess-of-image diat were present in die composite 
pamt coat before diermoforming. In one embodiment DOI retained by die diermoformed 
sheet ism excess of 60 (as measured on die HmiterLabDorigonD-74R-6 instrument) 20" 
gloss measures at least 60 and 60» gloss measures at least 75 under such elongation Insome 
instances involving diermoforming widi litde or no shaping (and dierefore litde or no 
elongation), finished products are made widi high levels of retained gloss and DOI 

Following die diermoforming step and die cutting step, die resulting paint coated 
diermoformed sheU 58 is dien placed in an injection mold 59 having a contoured mold face 
diat matches die contoured outer surface of die clear coat side of die diermoformed shell 58 
A polymenc injection molding material is injected into die mold and forced against die 
backing sheet side of die diermoformed sheet to bond die substrate material to die 
diermoform. The resulting panel 60 is dien removed fhim die mold to provide a rigid 
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1 substrate panel with a contoured decorative outer surface comprising the theimofonned 
backing sheet and its adhered clear coat, color coat, size coat and tie coat, if required. Tbe 
preferred polymers used for the substrate plastic molding material of the finished panel are 
polymers compatible with the material from which the backing sheet is made. These may 

5 inchide tfieimoplastic olefins. ABS. nylon, polyester, polycarbonates, and polyvinylchloride 
compatible with the corresponding materials from which the backing sheet is made. 

The transfer-lamination, thermoforming, and injection molding steps can be carried 
out by various processing steps known to those skilled in the art and arc described, for 
example, in International Application WO 88/07416 to Spain et al. and U.S. piitent 

10 4,902,557 to Rohrbacher which arc incorporated herein by reference. 

In one embodunent of the invention, FIG. 2 schematically iUustiates a two-step 
process which can be peri^ormed in tandem or as two individual operations: (1) gravure 
printing a polyester carrier fihn with a silicone release coat or a gloss control release coat, 
and (2) extrusion coaling a clear topcoat on a sUicone release coated or gloss control coated 

15 carrier from the first operation. As mentioned previously, the release coat surface of the 
carrier is optional. The carrier fihn 12 is unwound from the supply roU 18 and fliis fihn 
travels into the gravure print station where the release coat or gloss control release coat is 
gravure coated onto carrier fihn. The carrier fihn coated with the silicone release coat or 
gloss control release coat is passed through a 20-ft. drying oven 26 with impingmg air for 

20 325-350»F, sufficient for diying and crosslinking die silicone release coat or die gloss control 
release coat on the carrier fihn. In the first stage of the drying oven, die silicone release coat 
or die gloss control release coat is sufficiendy crosslmked to permanenfly bond it to die 
carrier sheet. The silicone release coat dried deposition weight is from 0.5-1.0 gm/m2 and 
die gloss control release coat dried deposition weight is from 3-5 gm/m2. (As an alternative 

25 die silicone coated PET can be purchased direcdy from die manufacturer, such as America^ 
Hoechst 1545.) The coaled carrier fihn 27 which has dried and crosslinked exits die oven 
26, and passes to die extrusion die 16 where die extruded clear topcoat 10 is applied to die 
release coated carrier. 

HG. 1 schematicaUy ilhistrates roU coating of a solvent cast PVDF/acrylic color coat 
material 22 onto die clear extruded topcoat on die PET carrier. The extruded clear coated 
fihn 28 travels to die roll coating station 30 where a polyvinylidene fluoride/acrylic 
pigmented color coat is roll coated onto die extnision topcoated carrier. One preferred ratio 
of polyvinylidene fluoride copolymer to acrylic polymer is 75/25 by weight based on die total 
PVDF copolymer/acrylic polymer solids contained in die color coat. Kynar 7201 (Hf 
Atochem) and Elvacite 2008 a.C.I.) are preferably used in diis application. The sheet 32 
coated widi die color coat passes into die drying oven which has tiiree drying zones set at 
160». 240» and 360»F. The color coat is dried and fused before leaving die drying oven 
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HG. 6 mustrates a cross-sectional view of the finished body panel which inchides a 
contoured outer surface formed by a clear coat 61 that has been extrusion coated and bonded 
to an underlying color coat 62, a size coat 64 which bonds the color coat side of the clear 
coat/color coat composite to a thennoformable backing sheet 66, and an underlying rigid 
substrate panel 68. ITie contoured decorative outer surface of the clear coat/color coat paint 
film provides a high gloss, high DOI outer surface in which the color coat is visible through 
the transparent outer clear coat. 

Many of the constructions described above with backing sheets less than 20 mils can 

be placed duectly into an injection mold without the intervening thermoforiningst^ Tbe 
plastic molding material is then injected into the mold and shapes the laminate to the 
contoured surface of the mold cavity, while the plastic molding material forms the substrate 
panel of the finished decorated part. Many clear coat, color coat, and size coat foils may 

be made by this in-mold process to form the finished part, or this constniction 
lammated to a 3-15 mil flexible backing sheet, such as vinyl, nylon, or methane, the carrier 
removed, and the laminate dien formed in the injection molding machine to produce a 
fimshed part. THese in-mold techniques have been used previously in the industry for 
mtenor automotive films. 

HG. 7 Ulustrates an alternate form of the invention in which the clear coat and color 
coat are extruded in series onto a common carrier sheet. In this embodimem tiie clear coat 
material 10 is first extruded onto an optionaUy release-coated carrier sheet 70 in a manner 
sunilar to the process described in HGS. 1 and 2. The clear coat material is extruded 
through a first extrusion die 72 for extrusion coating the clear coat on the optionally 
release-coated surface of the carrier. The clear-coated carrier sheet immediately passes 
aromid a first chill roll 74 where the clear coat is hardened. The carrier then contimiously 
transports the hardened clear coat past a second extrusion die 76 where the color coat 
material 75 is extrusion coated direcfly onto die clear coat. Hie color coat then immediately 

undergoes conlroUed cooling by passing around a second chill roU 78. The carrier sheet with 
the clear coat/color coat paint fihn is then wound as a take-up roll 80. 

no. 8 iUustrates one embodiment of an extrusion coating process in which multilayer 

fihns are formed as coextrusions coated onto the optionaUy release-coated carrier sheet In 
this process the optional clear coat and color coat are extrusion coated ftom a single 
exttusion coating station comprising two separate extruders. A first extruder 82 comains the 
dear topcoat material. A second extruder 84 extrudes the pigmented color coat material 
■me melt stream from these two exttuders is fed to a feed block 86 which determines the 
relative thickness of each componem in the final coextruded film. In one embodiment the 
clear coat material comprises an alloy of PVDF/acrylic resin containing from about 50 to 
70% PVDF and from about 30 to 50% acrylic resin as described above. TTie color coat 
material is a PVDF copolymer/acrylic resin blend as described above. A clear coat having 
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a thickness of one to two times the thickness of the color coat is a prefened embodiment 
The partition melt flows from tfie feed block 86 to the extruder die 88. The melt 89 is then 
extruded onto the polyester carrier 90 which is unwound from supply roU 92 and travels past 
the extruder die slot. TTiis coated foil then travels immediately over a chill roll 94 and then 
to a take-up loU 96. This foil with an appropriate size or tie coat system can be laminated 
as described in HG. 3 to produce a laminate which can be thermoformed. die cut, and 
injection clad to yield a finished automotive part. 

In a fiirther embodiment (not shown), size coat, color coat, and clear coat materials 
are extraded through three separate extruders. One extruder is fed a size coat, a second 
extruder is fed a color coat, and a fliiid extruder is fed a clear coat. The melt from each 
extruder is then fed into a common feed block and the resulting partitioned melt is dien 
extruded from an extruder die onto a polyester carrier traveling past die extruder. 

Referring briefly to HG. 9, the clear coat, color coat and size coat materials referred 
to in the embodiments of HGS. 7 and 8 can be initiaUy made in peUetized form. Adried 
15 blended formulation is fed to an extrusion hopper 98 and is then extruded flirough a twin 
screw conqwunding extruder 100 to form multiple extruded strands 102 which pass to a 
cooling bath 106. This hardens the extrusion which then passes to a chopper 108 that 
produces die finished pellets at 110. The extruded size coat, clear coat and color coat 
materials described previously can be in peUetized form produced by the process of HG. 9. 

FIG. 10 schematicaUy iUustrates a process in which two extrusion coatings are 
performed in series to produce a multilayer clear coat/base coat/size coat on a polyester 
carrier. In this process a clear coat material is extraded tiirough a first extrusion die 112 
onto a release-coated carrier 1 14. After passing around a chiU roU 116 die topcoated carrier 
passes to a second extrusion station 118 having a pair of extruders 120 and 122. The color 
25 coat material and size coat material in peUetized form is fed to individual extruders and die 
output is introduced to feed block 124 and then flirough an extruder die 126 onto die 
clear-coated carrier. The feed block introduces an 85/15 ratio of color coat to size coat 
fliickness. ITie color coat side of die coextrusion is coated onto the clear coat wifli flie size 
coat on die outside. The clear coat and extruded color coat/size coat are laminated at die nip 
ofachmroU128andapressureroU130. The laminate flien passes around die chfllroU and 
to a take-up roU 132. This foil can be laminated to unprimed backing sheet materials (such 
as diose materials described previously) instead of primed ABS as in HG. 4 to produce a 
laminate which can be diermoformed, die cut, and injection clad to produce a finished 
exterior automotive part widi a high gloss and a high DOT. 

HG. 11 schematically Ulustrates a process in which an exterior foU is produced using 
extrusion coating and gravure printing. A polyester carrier sheet 132 is unwound from a 
supply roU 134. The polyester web travels over idler roUs to a gravure print station 136 
where eidier a release coat or a gloss control coat is applied; die coated web 138 is dien 
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dried m a giavuie oven 140. The dried release coated or gloss control coated web tiavels 
over Idler rolls to an extrusion coating station 142 where a clear topcoat is extrusion coated 
onto &e web and hardened by contact with a chill roU 143. These processes have been 
d««:nbed in HG. 2. The topcoated web 144 travels over idler rolls to a series of gravure 
prmt stations 146, 148 and 150 and gravure ovens 152. 154 and 156 in tandem where a 
printed pattern (such as wood grain, brushing, or geometric) is applied to the topcoated web 
as described in HG. 2. The printed web 158 travels over idler rolls to an extrusion coating 
station 160 having two extruders 162 and 164 where a color and size coat are coextruded 
onto the printed web as described in FIG. 10. Tie finished decorative exterior foU 166 is 
exttusion-laminated and travels over a chiU roll 167 and idler rolls to a take-up roU 168 
ms foil can be laminated to a backing sheet, thermoformed. die cut. and injection clad to 
produce a finished exterior automotive part such as brushed ahmiinum body side molding 
HG. 12 schematically illusQ:ates a process in which an exterior amomotive laminate 
isproducedin-lineusingthicksheetextrusionandextnisioncoatingproces^^^ Athicksheet 
coexm^ion line has two extruders. A first extruder 170 is fed with an extrudable material 
of dned peUets or dried flowable powders comprising ABS. polyolefins. polycarbonate or 
other extrudable thermoplastic materials suitable as a flexible laminate backing sheet A 
second extruder 172 is fed with an extrudable material of dried peUets or dried flowable 
powders such as acrylics. CPO. urethanes and other material for use as a size coat for 
extenor laminate foils. A melt stream from the two extruders is fed to a feed block 174 
which controls the relative thickness of each componem layer in the final coextruded sheet 

T^e partitioned melt 175 is then extnuled through a die 176 to a calendar stack comu^^ 
of three ten^mre controUed rolls 178. 180 and 182. The coextruded sheet 175 is fed 
horizontally into a set opening between the top roll 178 and middle roU 180 of the three roll 
calendar stack. The top roU is used to meter and the middle roU is set at line speed to 
support the substrate whUe it starts to soUdify. The bottom roll 182 is used to smooth the 

exposedsm^iceofthesizecoatandtofinishcoolingthesubstrateforproperhandling THe 
cooled primed sheet 184 passes over idler rolls to an extrusion coating station having two 

exdruders where a color coat and a clear topcoat are coextruded omo the primed sheet Tbc 
color coat material is fed ftom a hopper 186 to a first extruder 1 87 and tiie clear coat 
material is fed from a hopper 188 to a second extruder 189. The first extruder 187 uses 
compomided pigmented PVDF copolymer/acrylic color coat as its feedstock. The second 
extruder 189 uses PVDF/acrylic clear topcoat as its feedstock. The melt stream from two 
extruders is fed to a feed block 190 which determines the relative thickness of each 
component in the final coextruded fihn. The partitioned melt flows from die feed block to 
an e^rusion die 192. The partitioned melt is fed into the extrusion coater nip comprising 
a high durometer backup roll 194 and a chill roll 196. The primed backing sheet enters the 
extrusion coating nip and a high gloss polyester carrier film 198 is fed over the chill roll 196 
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from a supply roU 200. This polyester film is used to enhance the gloss of the final pnxhict. 
since the topcoat of the coextruded fihn replicates the smooth high gloss surface of th^ 
polyester web. The composite structure (backmg sheet, size coat/color coat/clear coat/cairier 
fihn) passes through the nip and is wrapped around the chill roll. The laminate 202 then 
travels over idler rolls to a take-up roll 204. 

FIG. 13 schematically iUustrates an embodimem similar to FIG. 12 in which an 
exterior laminate with a thermoformable protective sheet is produced in-line using a flat sheet 
extrusion line and two extrusion coating stations. A flat sheet extrusion line as described in 
HG. 12 coextrudes a primed backing sheet 206. This primed backing sheet passes over idler 
roUs mto a nip of extrusion coating station 208 where a color coat and a clear topcoat are 
coextruded onto the primed surfiice of the backing sheet. The clear coat/color coat are 
passed around a chill roll to produce an exterior lammate 210. The resulting laminate passes 
over idler roUs into flie nip of a second extrusion coating station 212 where a thermoformable 
protective coat is extruded onto the topcoated surface of die laminate. A thermoformable 
15 material such as ethylene-acrylic acid or polypropylene can be extrusion coated as the 
protective coat. The exterior laminate with a thermoformable protective coat can be 
thermoformed, die cut, and injection clad to produce a finished part with a temporary 
protective coat which protects these parts in shipping, assembly and painting. The protective 
coat is stripped off after these operations to yield a finished part. The protective coat also 
20 can be used as a paint mask. 

Referring briefly to FIGS. 14 and 15, an in-mold process is schematicaUy illustrated 
in which a finished exterior automotive part can be produced usmg exterior m-mold foils or 
in-mold laminates as produced by conventional solvent casting and by extrusion coating 
processes or a combination thereof. For shallow draw parts (0. 125"-0.25'') with gentle draw 
25 and radhis comers, an in-mold foil can be used to form an exterior decorated automotive 
part. This in-mold foil 214 as ilhistiated in HG. 14 is placed in a mold cavity 216 of an 
injection molding machine with a PET carrier fihn 218 facing the cavity side of the mold. 
The mold is closed, sandwiching the foil between sides of the molding cavity. Molten plastic 
220 is injected mto the mold cavity against the size coated face 222 of the foU, forcing the 
in-mold foil to conform to the shape of the cavity. The size coat bonds the foU to the 
injection molding plastic which forms a substrate panel 223. The molded part 224 is shown 
in HG. 15. The mold is flien opened and tiie carrier sheet and any fringe resulting from the 
in-mold process are removed to yield a decorated exterior body part 226. 

For deeper draw m-mold parts, an m-mold laminate is used m the process illustrated 
35 in HGS. 14 and 15 to produce a decorative exterior body part. Such an m-mold laminate 
can be produced by first laminating an m-mold foil to a flexible backmg sheet, such as a 
flexible vmyl, urethane or nylon sheet described previously. This m-mold laminate is placed 
in the mold cavity of an injection molding machine so that the topcoat of the in-mold 
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of the mold cavity. The backmg sheet bonds the lami«e .„ the iqecti™, molding p^ 
extenor part (not shown). 

,te„ "^^t*^"" t^fer-lamination, thermofonning and injection molding 

WO MJ7416 to Spam et al. can be carried out to produce a 

HG. 16 shows a further embodiment of the invention comprising a three-layer 
coextrusion which includes a clear coat, a color coat and a size coat extruded at 230 The 
cl^coat. color coat and size coat, in that order, aie joined together m a die block 232 with 
a backmg sheet from an extruder 234. Hie backing sheet provides a support for the three 
layer coextnided fihns. The polymeric material that comprises the support layer of the 
coextrusimi can be any extrudable material such as ABS. thermoplastic polyolefin, 
polypropylene or PETG. Tl,e resulting four-layer coextrusion 236 is then extrusion coa^ 
omo the ^irfece Of a PET carrier sheet 238 that travels^ 

cair,er238cancomprisevariouspolymericmaterialssuchasPErorPBrc. Inoneprocess 
a dear coat, color coat, and size coat are extrusion coated from a single extrusion coatir^ 
suioon usn^ three separate extruders as iUustrated in HG. 16. One extruder contains a 
PVDF/acryhc clear topcoat as described previously. The second extruder is fed pigmented 
PVDF copolymer/acrylic color coat as described previously. THe third extruder is fed an 
acrylic size coat material such as Plexiglas VSlOO (Atohaas). Tl,e melt streams from these 
three extruders are fed to the feed block 232 which controls Ae relative thickness of each 
component m the final coextruded fihn. A 45/45/10 ratio of clear coat/color coat/size coat 
IS preferred. partitioned melt 236 Hows from the block to the extruder die The 
partidoned melt is then extruded onto the polyester carrier sheet. Ttc carrier sheet can be 
extmded smiultaneously with coating of die extruded fihns onto the carrier, as in HG 16 
or the ttaee-lay« extruded fihn can be coated onto a carrier sheet being unwomid from a 
s^ply mil. Thas coated fofl then travels over a chiU roU and idler rolls to a take-up roll 
240^ Alternatively, this foil can be lammated to unprimed ABS instead of primed ABS to 
yield a lammate which can be thermoformed. die cut. and mjection clad to yield a finished 
automotive part, ^^^^ 

Another embodimem of this invention is an extruded color coat that can be ^ 
widiout a clear coat. The extmded color coat which comprises the exterior weatherable layer 
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Of the finished product can be made from various diennoplastic and thennofonnable 

polymers such as acrylics, uretbanes. vinyls, fluoiopolymers. and blends thereof A 

presently preferred extrudable polymeric color coat material comprises a blend of 

polyvmylidene fluoride (PVDF) and acrylic resins. Tbt preferred acrylic resin is a 

polymethyl methaciylate polymer (PMMA), although a polyethyl methacrylate polymer 

(PEMA) also can be used. In a preferred formulation the polyvinylidene difluoride Kynar 

720 (Elf Atochem) comprises 55 percent of the formulation. VS-100 acrylic polymer 

(Atohaas) comprises 23 percent, Tinuvin 234 UV Absoiter (Ciba-Geigy) comprises 2 

percent, and titanium dioxide and mixed metal oxide pigments comprise 20 percent. 

A concentrate of UV absorber and acrylic resin can be compounded and added to the 

PVDF/acrylic peUets at the extruder when extrusion coating. Such concentrates also can 

mclude pigments and other additives combined with the pellets in the extruder. For instance 

the mixed metal pigments and titanium dioxide pigment are typically predispersed in th^ 

acryUc resin (VS-100) in peUet form. The individual pigment peUets can be combined with 

the Kynar 720 resin. VS-100 acrylic resin and Timivin 234. dry blended, and then 

compounded in a twin screw extruder. Press outs of the colored peUets can be used to check 
color. 

Example 1 

The foUowing formulation of an extrudable clear coat polymeric material was 
pelletized. and the peUets were fed to an extruder for extrusion coating the resulting clear 









1 


Kynar 720 

Polyvinylidene fluoride (PVDF) 
Atochem North America, Inc. 


65.0 


2 


Elvacite2042 

Polyethyl methacrylate (PEMA) 
E.L DuPont (sold to ICI) 


35.0 


3 


Tinuvin 234 
UVstabiUzer 

Hydroxyphenylbenzotriazole 
Ciba-Geigy 


2.0 


* 


In this and other examples. "Parts" identified for each component s 
per weight basis. ^ 


ire on a parts 
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Kynar 720 is the extrusion grade PVDF corresponding to Kynar 301F that is 
commonly used in a solvent cast PVDF/aciylic formulation. The Kynar 720 has a melting 
temperature of about 167"'C, a Tg of about -3M1»C. and a meU viscosity at 215-C 
(measured in Pas^ec) at 100.500 and 1,000 I/sec) of 1,153,470 and 312. respectively Tbt 
Elvacite 2042 is a polyethyl methacrylate (PEMA), which is compatible with PVDF and is 
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the same acrylic used in the standard solvent cast Avloy clear coat; this formulation was 
selected to simulate the formulation of the standard Avloy» clear coat. (Avloy is a ttademaric 
of Avery Dennison Corporation, the assignee of this application.) 

This formulation was compounded twice through a 3.25" Davis Standard single screw 
extruder to obtain uniform blended pellets; however a twin screw is used for pelletizing in 
later examples for better distributive mixing. The two resins were dried in a dryer at 130»F 
for four hours before being extruded into pellets, and during flie extrusion process a vacuum 
vent m the compression zone of the screw was used to further remove moisture and other 
volatUe components. The feed into the extruder was starved, and the heating elements or 
zones of the extruder were set at (1) 420°?. (2) 430»F, (3) 430°F, (4) 430°F (5) 430»F 
(6) 430-F adapter. (7) 430»F die, but the observed vahies were (1) 416»F (2) 418°F m 
427-F. (4) 423»F. (5) 428»F. (6) 424«>F adapter, (7) 4290F die. ll^e screw was maintakld 
at 70 rpm usmg 34 amps and a screen pack consisting of two 20-mesh screens in series was 
used to clean up die melt stream. This material was pelletized witii a 9-10 ft. water bath for 
a mne-second immersion to cool the exudate prior to peUetization. Press outs were used to 
judge the homogeneity of the pellets. 

This material was extrusion coated onto a two mil high gloss polyester fihn from 
Amencan Hoechst designated Grade 2000. (The extruded material had a melt viscosity 
(Pas-sec) at 100. 500 and 1.000 1/sec of about 752-769. 303-308. and 200. respectively ) 
The polyester carrier provides a smooth glossy surface upon which the hot exudate can form 
a thm clear fihn ranging from about 0.1 mil to about 2-3 mils thick. The thickness of the 
resultmg fihns can be adjusted by the extrusion coatiiig line speed and the screw speed of the 
extruder. Faster line speeds result in a thinner fihn. and fester screw speeds result in tiiicker 
fihns. The polyester carrier also acts as a support sheet for the thin clear fihn in subsequent 
operations such as coating and laminations. In this example a 2.5-inch extruder was used 
to extrusion coat a one mil PVDF/acryUc clear topcoat onto a two mil gloss polyester carrier 
The compounded peUets were dried in a desiccator dryer at 130»F for two hours prior to 
bemg fed into the extruder. The extruder had five heating zones which were set at (1) 
390»F. (2) 400-F, (3) 410-F. (4) 420OF. (5) 420-F. TTie screw speed was held at 60 rpm 
The matte chiU roll was maintained at 750F for the entire run. A nip pressure of 20 lbs and 

no corona treatment was used to enhance die bond between the fihn and the polyester carrier 
At these settings a nominal one mil thick clear fihn was produced with a corresponding 
weight of 38 gm/m^. This extrusion coating produced a roU which is composed of two mil 
gloss PET with a one mil clear Avloy* topcoat. The extruded Avloy* topcoat, however 
bound to the two mil gloss PET carrier and would not release from die carrier. 

Using die same extrusion coating conditions as above two more rolls were produced 
usmg Hostaphan 1545 silicone coated polyester as its carrier. While extruding the clear coat 
formulation onto die sUiconized PET carrier, die extruded clear fihn wrapped around die 
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chill roll due to a weak bond between the extruded fihn and the siliconized polyester. This 
problem was resolved by exchanging the gloss chill roll for a matte chiU roU, which has a 
more facHe release of the extnided fdm. This roll was subjected to further lab evahiation. 
The reverse side of the clear Avloy* clear coat was embossed by the matte finish from the 
matte chill roll. However, when this roU was coated with a standard solvent based Avioy® 
white color coat, this coated fihn was dried and was then laminated (rubber roU at 400»F, 
10 ft/min) onto a primed 19 mil thick gray ABS sheet. When the carrier was removed. thJ 
laminated sample showed no textore from the matte chiD roll. When this sample was 
thermoformed (19 seconds, 330"? surfece temperatoie). texnne from the matte loU surface 
was evident. The release of die extruded fihn from siliconized PET was weak, havmg a peel 
strength of 10 gm/in. Similar results were obtained when diis clear coat formulation was 
extrusion coated onto siliconized release paper, but the extruded fihn replicated die texdire 
of the paper stock. 

A roll using the same conditions described above with polypropylene fihn as a carrier 
was exttusion^ated under die same conditions. The polypropylene carrier distorts when 
die hot extrudate touches its surface, causing wrinkles in die finished fihn; however, extruded 
Avloy® clear coat releases easUy from die polypropylene carrier. In a later trial when 
polypropylene coated paper was used as die carrier, die hot extrudate did not distort or 
wrinkle die polypropylene coated paper due to die support afforded by die paper stock. The 
Avloy® clear topcoat released easUy fipom fliis carrier but it revealed texture transferred from 
the p^r stock. 
Example 2 

A conqiarative evaluation was made between die formulation described in Example 1 
and the following formulation: 





' - v:v^ ^- . .\:lNGREraENTS ■ - ■ 


PARTS 


1 


Kynar 720 

Polyvinylidene fluoride (PVDF) 
Elf Atochem North America 


70.0 


2 


VSlOO 

Polymediyl mediacrylate (PMMA) 
Atohaas 


30.0 


3 


Cyasorb P 2098 
UV stabilizer 

2 hydroxy-4-acrylooxyethoxybenzophenone 
Cytec 


2.0 



The VSlOO is a polymediyl mediacrylate (PMMA), known as Plexiglas, which is 
compatible widi PVDF and has a temperatore/viscosity profile closely matchmg die Kynar 
720; diis formulation was selected for superior extrusion melt strengdi. The VS-100 has a 
Tg of about 98-99''C, and a melt viscosity (measured in Pas-sec) at 100, 500 and 1 ,000 1/sec 
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of 940. 421 and 270. respectively. The formulation of Exainple 1 wnqjped around the gloss 
chiUroUdunng the extrusion coating process. To prevent tiiisfaihire a new formulation was 
developed which would not bind to the siliconized PET and would release easily from a gloss 
chill roU. The tackiness of this formulation was reduced by increasing the Kynar 720 level 
and by mcreasing Tg of die acryUc; the Tg of Hvacite acryUc 2042 and VSlOO acrylic is 
65»C and 100°C. respectively. The Kynar acrylic ratio was changed from 65/35 to 70/30 
This formulation easUy released from a sUiconized polyester web and a high gloss chin roU 
and during a later trial it released from standard polyester web. 

nus formulation was compounded using a twin screw extruder mamifectured by 
Werner Pfleiderer. model 53MM. to obtain uniform blended pellets. TTie twin screws were 
co-rotating and its configuration was designated Avery Dennison "A. " Hie two resins were 
dned m a dryer at 160»F for four hours before being extruded into pellets, and during die 
extrusion process a vacuum vent in tiie compression zone of the screw was used to further 
remove moisture and otiier volatile components. The feed into tiie extruder was starved and 
the heating elements or zones of the extruder were set at: (1) 100»F. (2) 360»F (3) 360»F 
(4) 360»F, (5) 360-F. (6) 360-F, (7) 360»F. but the observed values were (1) 108°F m 
360-F, (3) 374«>F, (4) 366«>F. (5) 360-F. (6) 355»F. (7) 358»F. Tie screw was maintamed 
at 66 rpm. The melt temperatore of tiiis formulation was maintained at 355«»F and a screen 
pack consisting of three different wire meshes: 20. 40, 60, was used to clean the melt 
stream. This material was pelletized. 

The peUets were extrusion coated on a 1.42 mil high gloss siUcone coated PET 
designated Hostaphan 1545. (The extruded material had a melt viscosity (Pas-sec) at 100 
500 and 1,000 1/sec of about 803-829, 373-376 and 248-250, respectively.) TTie polyester 

earner provides a smoodi glossy surfMze upon which the hot extrudate can form a thm clear 
fihn ranging from about 0.1 mil to about 2-3 mils thick. The tiuckness of die resulting clear 
fihns are adjustable by d^ extrusion coating line speed and die screw speed of die extruder 
as descnbed previously. The polyester carrier supports die dun clear fihn in subsequent 
operations such as coating and laminations. In diis example a 6.0 inch extruder witii a single 
fiight screw was used to extrusion coat a one mil PVDF/acryUc clear topcoat onto a 1 42 mil 
high gloss SiUcone coated polyester carrier. The compounded pellets were dried in a 
desiccator dryer at 130-F for two hours prior to bemg fed into die extruder. TTie extruder 
had eleven heating zones set at: (1) 380»F, (2) 370»F. (3) 340°F. (4) 340»F (5) 340»F 
(6) 340»F. (7) flange 340»F. (8) adapter 1 (340''F), (8) adapter 2 (340OF), (9) pipe 350»f' 
(10) end cap lOO'F. and (11) die 350-365'F; die die was a T-slot and had five zones- (1) 
35 365». (2) 360'. (3) 350'. (4) 360% and (5) 365». Hie die temperature pn>file was used to 
nuuntam uniform melt flow across die die. The screw speed was held at 15 rpm and a line 
speed of 170 ft/min. The high gloss chill roU was mamtained at 60''F for die entire run 
A harder durometer and smaller diameter nip roll produced die highest nip pressure and die 
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highest gloss finished fibn. A 200 mesh welded screen pack was used to clean the melt 

stream. At these settings a clear one mil thick fihn was produced with a corresponding 

weight of 38 gm/m2 The finished fihn was a high gloss film. No corona treatment 
used. 



was 



Two roUs were produced in the above extrusion coating run; a first roll had a coatmg 
thickness of one mil, and a second roll had a coating thickness of 0.6^.7 mil. Thematerial 
was subsequently coated with a soivem based color coat as in HG. 3 using a white lacquer 
comprising 53.6 parts clear vehicle. 12.5 parts cyclohexanone solvent. 33.4 parts exterior 

white pigment and trace amounts of iron yellow, carbon black and iron red pigments TTie 
oven zones were set at 160". 240\ and 350°F. The line speed was held at 25 ft/min. Tte 

appUcatorroU was held at 35 ft/min, and the metering roU was held at 7 ft/min. Underthese 
conditions 45 gm/m2 of dried color coat was deposited onto the one mil PVDF/actyUc 
topcoat. 

This laminate had the following construction: 1.42 mil gloss PET, a nominal one mU 
clear PVDF/acrylic topcoat, and a 1.0 mil color coat. TTus construction was laminated to 
a pruned 20 mil gray ABS backing sheet as shown in HG. 4. 

A size coated ABS sheet can be made by coating the size coat formulation (described 
below) on a polyester carrier as shown in HG. 2 and then transfer laminating the material 
to an ABS sheet as shown in FIG. 3. For test purposes, Hoechst Celanese 2000. a two mil 
gloss PET film, was coated by a reverse roll coater with the size coat material. Under these 
conditions, 6-7 gm/m^ acrylic size coat is dqwsited on the PET carrier. This material is 
laminated as shown in HG. 3 to an extruded sheet of General Electric Cycolac LS, a 19 mil 
thick gray ABS sheet. During lamination, the acrylic size coat is transferred to' the ABS 
backing sheet. The size coat formulation is shown below: 





INGREDIENTS 


TARTSy 


1 


Xylene 


61.0 


2 


Acrylic resin 


29.0 


3 


MEK 


10.0 



The acrylic resin was Elvacite 2009 bom Id Acrylics, Inc., Wihnington. Delaware. 
The finished laminate was ihermoformed and injection molded as illustrated in HG. 6. Some 
phase separation was noted after theimoforming, resulting in drop of gloss and DOI for the 
clear coat/color coat. The foil can used as an in-mold fofl, without vaamm forming, for 
shallow draw parts. 
Exampli' % 

The foUowing formulation did not exhibit the phase separation problem. An 
extrudable clear coat polymeric material was pelletized. and the peUets were fed to an 
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extruder for extrusion coating the resulting clear coat onto the surface of a carrier sheet 
travehngpast the extruder die slot. 



INGREDIENTS 



Kynar720 

Polyvinylidene fluoride (PVDF) 
Elf Atochem North America 



VSlOO 

Polymethyl methacrylate (PMMA) 
Atohaas 



Tiimvin234 
UV stabilizer 

Hydrox]phenylbenzotriazole 
Ciba-Geigy 



PARIS 



60.0 



40.0 



2.0 



This formulation was selected for superior extrusion melt strength and to reduce phase 
sqjaiation of the Kynar 720 resin. The formulation was con^wunded using a twin screw 
extruder (Werner Pfleiderer, model 53MM) to obtain uniformly blended pellets. Extrusion 
was smiilar to that described in Example 2. except that the two resins were dried in a dryer 
at -40- dew pt. and 130-F for four hours before being extruded into pellets. ITie screw was 
ii«uniainedat63rpmusing600^H.P.andacories^ 

mdt temperanne of this formuhition was maintained at 356 "F and screen pack consisting of 

three di^ wire mesh: 20. 40. 60, was used to clean up the melt stream. Tbismaterial 
was pelletized. -mwiiai 

Thismaterial was extnision coated onto a two mil high gloss poly^^ 
Hoechst 2000. to form a thin clear fihn ranging ftom about 0. 1 mil to about 2-3 mils thick 
CThe extruded material had a melt viscosity (Pas-sec) at 100, 500 and 1.000 1/sec of about 
752. 366 and 242. respectively; a melting tempeiamre of about 162-C. and a Tg of about 
32.6-C.) The polyester carrier was used as a support for the thin clear flhn in subsequent 
operations such as coating and laminations. In this example a 2.5 inch extruder was used 
to extrusion coat a one mil PVDF/acrylic clear topcoat onto a two mil gloss polyester carrier 
cwnpounded pellets were dried in a desiccator dryer at 130-F for two hours prior to 
b«ng fed mto the extruder. The extruder had five heating zones which were set at (1) 

390-F.(2)400-F.(3)410OF.(4)420OF.(5)420OF.and the screw speed was held at 60rp^^ 
wiA a corresponding line setting of 3.47 ft/min. The high gloss chill roll was maintained 

at 60 F for the entire ran. At these settings a clear one mil thick fihn was produced with 
a corresponding weight of 38 gm/m2. No corona treatment was used. However when a 
corona treamient was used on die polyester web prior to reaching the extrasion coating nip 
half moon defects were noted in the clear one mil fihn. The electrical charge left on thJ 
polyester web ftom the corona treatment did not dissipate before reaching the extrasion 
coating nip. distorting the clear fihn and resulting in half moon shaped defects 
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Two roUs were produced in the above extrusion; one roU had no corona treatment, and 
die odier roU was subjected to corona treatment. The fUm was subsequendy coated wifli a 
solvent based color coat as in HG. 3. This roll was reverse roll coated using a red color 
coat (see formulation below). During this run, the ambient temperadire was 76°?. and the 
relative humidity was 25%. The line speed was held at 15 ft/min. The first oven wne was 
set at 240''F and the second oven zone was set at 250»F. The applicator roU ratio was held 
at 115% of line speed, and the metering roll was held at 20% of line speed. Under these 
conditions 25 gm/m^ of dried color coat was deposited onto die one mil PVDF/acrylic 
ttipcoat. 





}:-^r.-....;^:u;-<; 


/ v>:- 'PARTS-- 


1 


Clear vehicle for Avloy* color coat 


74.32 


2 


DPP Red BO 460-36351 


11.26 


3 


Magenta D-60 dispersions 


7.47 


4 


93 exterior white 


0.07 


5 


D-60 violet dispersions 


1.88 


6 


M^yl propyl ketone 


2.50 


7 


Cyclohexanone 


2.50 



This constiiiction had the foUowing sttucture: two mil gloss PET, one mil clear 
PVDF/acrylic topcoat, and 0.6 mil color coat. This construction was laminated to a primed 
20 nul gray ABS backing sheet (L1826) as shown in HG. 4. The material was 
thermoformed and injection molded (see FIG. 6). 

These samples exhibited good gloss and a DOI above 60. (DOI is measured on die 
HunterLab Dorigon D47R-6 instrument.) The foU can also be placed in die injection mold 
widiout diermoforming and in-mold formed for shallow draw parts as described earlier. For 
deep draw parts die foU is first lanunated to a flexible fliermoplastic backing sheet, i.e. vinyl, 
uretiiane, or nylon. This flexible backing sheet aids in die distensibdity of diese foils. Such 
lamination (see FIG. 3) is performed under die lamination conditions described in Example 
2. These laminates can also be injection molded widiout diermoforming by preheating die 
laminate and usmg pressure or vacuum to cause die material to take die shape of die mold 
face prior to injection of die molten plastic. The flexible backing is selected for compatibility 
with the injection cladding resin. 
Example 4 

The foUowing formulation of an extnidable clear coat polymeric material was 
peUetized, and die peUets were fed to an extruder for extrusion coating die resulting clear 
coat onto die surface of a carrier sheet traveling past die extruder die slot. 
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EARTS 




1 


Kynar 720 

roiyvinyiiaene uuonde (PVDF) 
Elf Atochem North America 


65.0 


5 


2 


VSlOO 

Polymethyl methacrylate (PMMA) 
Atohaas 


35.0 


10 


3 


Tinuvin 234 
UV stabilizer 

Hydroxyphenylbenzotriazole 
Ciba-Geigy 


2.0 



This fonnulation was compounded using the twin screw extruder described in 
Examples 2 and 3 to obtain uniformly blended pellets. The twin screws were co-rotating. 
Extrusion was similar to that described in Example 2, excq>t that the two resins were dried 
at 13O-150"F for 2-3 hours before being extruded into pellets, and the heating elements or 
zones of extruder were observed at (1) 101 "F. (2) 358'F, (3) 339°F. (4) 359''F, (5) 359»F, 
(6) 361 "F, and (7) 357"F. The screw was maintained at 63 tpm using 700 H.P. and a 
corresponding current of 68-78 amps. TTie melt temperature of this formulation was 
maintained at 355°F and a screen pack consisting of three different mesh screens: 20. 40. 
60 was used to clean the melt stream. This material was peUetized. 

This formulation was extrusion coated onto a two mil high gloss American Hoechst 
2000 polyester fihn. This polyester carrier provides a smooth glossy surface upon which the 
hot exudate formed a thin clear fihn ranging ftom about 0. 1 nul to about 2-3 mils thick. In 
this example a 2.5 inch extruder was used to extrusion coat a one mil PVDF/acrylic clear 
topcoat onto a two nul gloss polyester carrier. TTie compounded pellets were dried in a 
desiccator dryer and extruded under heat and at a speed similar to the conditions described 
in Example 3. Hie high gloss chiU roll was maintained at 60«'F for die entire run. At these 
settings a clear one mil thick fihn was produced with a corresponding weight of 38 gm/m^. 
No corona treatment was used. When a higher corona treatment was used on the polyester 
web prior to reaching the extrusion coating nip, half moon defects were noted in the clear 
one mil fihn. The electrical charge left on the polyester web ftom the corona treatment did 
not dissipate before reaching the extrusion coating nip, distorting the clear film and resulting 
in half moon shaped defects. 

Two rolls were produced in the above lab extrusion; one roll had no corona treatment, 
and the other roll was subjected to corona treatment. The fihn was subsequenfly coated with 
a solvem based black Avloy* color coat (using a Bird bar) and was then dried. The solvent 
based bkick color coat had the following formulation: 
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INGREDIENTS 




1 


N-methyl pyrollidone 


38.00 


2 


Hvacite 2042 


4.06 


3 


Kynar 10052 


12.00 



The resins are dissolved in the solvent under heat at 130»F. TTie following pigment 
dispersion is dien added: 





: .'^INGREDIENTS ' 


PARTS 


1 


Black dispersion - GCW #428-A056 


20.00 


2 


N-methyl pyrrolidone 


25.40 


3 


Exterior white 


0.54 



The resulting foil was laminated to an acrylic primed 30 mil black ABS sheet widi a 
rubber loU held at 400"? and a speed of 14 ft/min. The resulting laminate was draped in 
the thermoformer for 29 seconds, and the laminate sheet reached a surfece temperanire of 
340'?. This draped sample was compared with a similarly prepared sample (from Example 
3) to determine relative levels of hazing. The black Avloy® prepared from the fihn in 
Example 3 showed die least amount of hazing, and the black Avloy* laminate prepared from 
the fihn of Example 4 showed the most hazing. No further evahiation was done; Example 
3 was deemed superior because the higher acrylic content in these formulae is believed to 
retard phase separation. 
Emmplo <; 

A comparative evaluation was made between the formulation in Example 2 and the 
following formulation: 





INGREDIENTS 


PARTS 


1 


Kynar 2850 

Polyvinylidene difhioride (PWDF) 
Elf Atochem Norfli America 


60.0 


2 


VSlOO 

Polymethyl methaciylate (PMMA) 
Rohm and Haas 


40.0 


3 


Tinuvin 234 
UV stabilizer 
Ciba-Geigy 


2.0 



Kynar 2850 is the extrusion grade PVDF copolymer. The Kynar 2850 has a melting 
temperature of about 155"C. a Tg of about -35 to -40»C, and a melt viscosity (measured in 
Pas-sec) at 100, 500 and 1,000 1/sec of 1.170-1,273, 494-508 and 326-330. respectively. 
The PMMA is compatible with the PVDF and its temperature/viscosity profile closely 
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matches the Kynar 2850. This fonnulation was selected for better resistance to phase 
separation which can result in haze on the finished part. 

More specifically, the recrystaUization process of Kynar resin is die principal driving 
force behind die phase separation process. The melting point of die homopolymer Kynar 
720^Tni=165-170'»C, is higher dian die melting point of die copolymer Kynar 2850, 
Tm-155-160»C. This melting point difference Ulustrates die higher crystallity of di^ 
hom(^lymer over die copolymer. Such a melting pomt difference can be explained by die 
relative structural differences of diese polymeis. The PVDF homopolymer is a linear 
polymer in which die molecules can easUy aUgn diemselves in parallel fashion to form a 
crystal, such as, polyediylene; whereas die random copolymer of PVDF and 
hexafluoropropylene cannot form a similar linear structore, since diese linear chains have 
pendent-CF3. trifhioromediyl groups which partially block die aHgnmem of diese chains 
Hence recrystaUization of die Kynar resin in die finished PVDF/acryUc fihn resulted in more 
haze in die finished part. Kynar 2850 has less tendency dian Kynar 720 to crystallize and 
produced a clearer PVDF/acrylic fdm upon heat against at ISO'F for duee days. 

The formulation was compounded using a twin screw extruder to obtain uniform 
blended pellets. The two resins were dried before being extruded into pellets. During die 
extrusion process a vacmim vent in die compression zone of die screw was used to fiirdier 
remove moismre and odier volatile components. The heating elements or zones of extruder 
were set at (1) lOO'F, (2) 380-F. (3) 380-F. (4) 385°F. (5) 385»F, (6) 385-F and (7) 
385"F. The screw was maintained at 70 rpm. ITie melt temperahire of diis formulation was 
maintained at 380»F and a screen pack consisting of diree different wire meshes (20, 40 and 
60) was used to clean die melt stream. This material was pelletized. 

The above formulation was extrusion coated on two mil high gloss Hostaphan 2000 
polyester carrier fihn which provides a smoodi glossy surface upon which die hot extrudate 
can form a diin clear fihn ranging ftom 0.1 mil to 2 mils diick. Ohe extruded material had 
a melt viscosity (Passec) at 100, 500 and 1,000 1/sec of about 888, 405 and 266. 
respectively; a melting temperature of about 147»C, and a Tg of about 23-33«'C ) The 
diickness of die resulting fihns can be altered by die extrusion coating line speed and die 
screw speed of die extruder as illustrated m HG. 1. While faster line speeds result in a 
thinner fihn, faster screw speeds result in diicker fihns. The polyester fihn also acts as a 
earner to support die diin clear fihn m subsequent operations of coating and lamina In 
diis example a 1.75 mch lab extruder was used to extrusion coat a one mil PVDF 
copolymer/acryUc clear topcoat onto a two mil high gloss polyester carrier. 

The compounded peUets were dried in a desiccator dryer at 150"F for two hours prior 
to bemg fed into die extruder. The extruder had ten heating zones which were set at (1) 
330"F. (2) 380-F, (3) 380°F, (4) 405»F, (5) 415»F/clamp, (6) 420°F/tobe (7) 420''F (8) 
420-F. (9) 420-F and (10) 406»F/die; die die was coat hanger and die melt was maint^ied 



-28- 



wo 96/40480 



PCT/US9d/098!»3 



at 434"F. The screw speed was held at 166 rpm with a coircsponding line speed of 150 
ft/mm. Tl« high gloss chiU setting was maintained at 70»F for the entire nm^ A welded 
screen pack was used to clean the melt stream. At these settings a one mil clear coat was 
produced with a corresponding weight of 38 gm/m2. The finished fihn was high gloss, but 
had some microgels and some small contaminants were observed. The defects were not 
objectionable m finished parts. No corona treatment was used. 

One roU of the formulation produced in the above production extrusion coating run 
was coated m die lab with a teal metallic Avloy* color coat. This material was laininated 
to pnmed ABS. TTie resulting lammate was theimoformed. die cut. and injection clad to 
yield a finished part. 
Example 6 

This example iUustrates the extrusion coating of a non-PVDF/acrylic formulation, in 
this case a tiiermoplastic aliphatic methane from Morton (PN-3429). Such topcoats can be 
used as an exterior clear coat in some exterior automotive applications or for interior 
automotive applications such as an mterior clear coat for TC laminates. 

Morton PN3429 peUets were dried for four hours at ISO-P. These dried pellets were 
extrusion coated using a pilot line extrude with a 2.5 mch single screw. AU heating zones 
from feed to die were held at 325«F. The chill roU was set at 80»F and at a nip pressure 
of 20 lbs. This material was extrusion coated onto a 2 mU gloss polyester carrier 
(Hosthaphan 2000) at a screw speed of 50 rpm and a line setting of 3.0. Under these 
conditions, a 2.0 mU clear coat was coated on die polyester carrier. Increasing die line 
setting resulted m die deposition of a one mil clear coat on tiie polyester carrier. 
Example 7 

The purpose of tiiis trial is to make a coextrusion sheet for a base coat/clear coat paint 
fihn. ^ 

Cunentiy a smgle layer ABS sheet, .020" to .030". is sized for adhesion by transfer 
lammating eidier at die extruder or at a separate operation wifli an acryUc layer (Bvacite 
2009) diat has been solvent cast onto a polyester carrier. The polyester carrier is removed 
and discarded by coextruding ttiis acrylic layer widi die ABS. The need to cast die acrylic 
to a polyester carrier fihn on a reverse roll coater and subsequenfly transfer hmiinate it to 
ABS is elimmated, diereby sunplifying die manufacture of die finished product. 

This example Ulustrated an alternative metiiod of producmg a primed ABS sheet which 
can be biminated widi a base coat/clear coat foU to produce a laminate product. This primed 
ABS sheet has been produced by die coextrusion of a composite acrylic/ABS sheet on a diick 
fihn line. This coextrusion elnninated die need to solvent cast die acryUc size coat onto a 
polyester carrier using a reverse roll coater and subsequendy laminating tiiis foil to ABS. 
Such a coextrusion elmunated two operations in die manufacturing process of lammated 
sheet; one coating and one lamination operation. Himmating diese operations can faicrease 



-29- 



wo 96/40480 



PCT/US96/09893 



both the laminath^ and coating capacity of a plant, ami 10^^^ 
produce the laminate. 

On a thick fflm line, two extruders were used to coextrude a composite acrylic/ABS 
sheet. E«nide A was fed acrylic resin and not vented; whereas, extruder B was fed ABS 
resms and was vented to finther remove water ant other volative gases. Both the acrylic 
resm and the ABS resin require drying of excessive moisture before extruding Hus is 
accomplished by drying the lesin in a desiccant dryer for at least two hours at 150^F for the 
acnrlic, and 170»F for the ABS. The resin needs to be below .08% moisture content to 
prevent problems with extrusion. Typically it is run wid, moisture content between 02% 
to .04% during extrusion. 

Dried resin peUets of each material are fed into the hoppers on the top of each 
extruder via vacumn tubes. From the hoppers the pellets are gravity fed into the feed section 

ofthe extniders' barrel. It is screw fed Uirough the barrel and heated to a molten state TTie 
two resms in each extruder are fed flm>ugh their respective barrel sections to a single feed 
block and then imo the die of the extruder. The molten sheet exits the die and nms through 
a three roU calendaring (polishing) stack which polishes both sides ofthe sheet. As the sheet 
goes down the line it is cooled by passing it over chilled steel rolls and finally is wound up 
mto a roll . The final sheet comprises about 1 . 5 mU acryUc layer and a 28 .5 mil ABS layer 
for a total thickness of 30 mils. 
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The reason for changes in the melt temperatures was to improve movement of molten 
resm through the extruder by increasing melt temperadire to reduce the molten viscosity. 
Other opoating conditions were as follows: 
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Die Terrm 


440**F all zones 


Melt Tf»mn 


408 "F 


Line Speed 


39.8 ft/min 


Screw - Ext. A LD ratio 


24:1 


Screw - Ext. B LD ratio 


32:1 


Screen pack at breaker plate 


A = 2,40 mesh screens 

B = 3 @ 20, 40 & 60 mesh screens 


PdKshed roll temperature 


START 


END 


TOP 


170 


170 


MIDDLE 


150 


150 


BOTTOM 


145 


180 



The reason for change in the middle and bottom from start to end was to set the sheet 
in calendar stack. Extruder "A" was not vented - "B" Was vented for moisture and gas 
removal. 









Screw ^eed (rpm) A 


8.4 


6.5 


B 


64.2 


7.5 


Back pressure (psi) A 


3,010 


2,920 


B 


4,240 


4,390 


Coextruder thickness (mil) 






A layer 


2.5 


1.5 


B layer 


27.5 


28.5 
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Two base coat/clear coat fdms (mid-gloss black and emerald green) were fed into the 
calendaring stack and laminated to the acryUc side of the coextrusion. The carrier was tiien 
removed. This combines the coextrusion of the sized backing sheet with the lamination of 
base coat/clear coat foil so the resulting laminate is reacty to be thermoformed prior to 
subsequent molding of exterior automotive parts. 
Example 8 

The foUowing formulation of an extrudable color coat matraial was pelletized, and the 
peUets were fed into an extruder in an extrusion coating station. The extruded color coat was 
dqwsited on the exttusion coated web passing below exttuder die slot. 
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INGREDIENTS 


PARTS 


1 


Kyuar 720 

Pol)rviiiylideiie fluoride 
Atochem 


48.0 


2 


Jet Black No. 1 

CoDDer chromate hiack «niiw>i 

The Shq)herd Color Company 


20.0 


3 


VSlOO 

Polymethyl methaciylate (PMMA) 
Atohaas 


32.0 



This formulation was compounded using the Werner Pfleiderer Model 53MM twin 
screw extruder to obtain a uniform blend. The two resins were dried in a desiccator hopper 
with a 0»F dew point at 150-F for eight hours before being extruded into pellets. During 
the extrusion process the vaamm vent m the compression zone of the screw was used to 
further remove moisture and volatUe components. The dried resins of die color coat were 
fed mlo the extruder. The seven heating zones of the extruder were set- (1) 100»F (2) 
370"F. (3) 370-F, (4) 370-F. (5) 370-F, (6) 370»F, (7) 370«>F. THe screw was mainta^L 

at 64 rpm using 600^70 H.P. and a corresponding current of 54-59 amps lUe meh 
tenq«iamie at the die was maintained for 367-F, and a screen pack consisting of flnee 
different wire meshes; 20. 40. 60 was used to clean die melt stream. The material was 
peUetized. Press outs were used to monitor die uniformity of the blend. 

The above formulation was extrusion coated onto an extrusion clear topcoated web to 

form a one mil color coat on the clear topcoat widi a corresponding weight of 44 gm/m^ 
The peUets were dried in a desiccator dryer at 0»F dew point, 150''F for eight hours prior 
to extrusion coating die color coat. The 2.5 inch extruder was held at 60 rpm and die five 
heating zones were set at: (1) 390»F, (2) 400»F, (3) 410«'F. (4) 420»F (5) 420°F TTiis 
roU was laminated to 30 mil primed black ABS on dK Acromark (400''F. 2X 8 ft/min)- it 
was also laminated to primed gray ABS to check for opacity. Bodi laminates were 
thermoformed. 

The previous description related to use of die invemion in producmg exterior and 
mtenor automotive body panels. The foUowing descrq>tion relates to applications of die 
invention to the manufactore of outdoor siding panels. 

HG. 2 schematically illustrates one embodiment of die invention in which die clear 
coat fihn is extrusion coated onto a flexible carrier sheet comprising a 0.60 mil diick high 
gloss polyester fihn such as diat sold under die designation Skyrol SM30 polyester fihn by 

SKC America Inc. The carrier sheet is release coated widi a matte release coat as described 
below. 

The clear coat preferably comprises a solid polymeric material diat can be extruded 
as a transparent fihn. The polymeric material can comprise various acrylics, ui^dianes. 
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Vinyls, fluoropolymers. and blends thereof. Polyvinylidene fluoride (PVDF) and polyvinyl 
fluoride (PVF) are preferred fluoropolymers. A piesenfly preferred extrudable polymeric 
material comprises a blend of PVDF and acrylic resins. The preferred acrylic resin is a 
polymethyl methaciylate polymer (PMMA), although a polyethyl mefliacrylate polymer 
(PEMA) also can be used. In a presently preferred formulation, the clear coat material 
comprises from approximately 50 lo 75 percent PVDF and from approximately 25 to 50 
percent acrylic resin, by weight of die total solids present in the PVDF/acryKc formulation. 
These solids ranges are based on the relative proportions of the PVDF and acrylic 
components only in the clear coat formulation. Other minor amounts of solids such as UV 
stabilizers, pigments, and fillers also may be contained in the clear coat formulation. 

In one embodiment the dry fihn thickness of the topcoat is approximately 0. 1 to 1.5 
mils. The preferred topcoat formulation produces a dry fihn form exterior weatherable 
coatmg having desired properties of hardness and abrasion resistance, along with 
weaflierabaity properties such as UV resistance and resistance to water and humidity 
exposure. The topcoat formulation also enhances havmg transfened to it a low gloss surface 
from a matte release coat described below. In one embodiment, the topcoat is formulated 
from a tiiennoplastic symhetic resinous coating which, in dry fihn form, softens and deforms 
under elevated temperamres so that three-dimensional, hnpressions can be formed in its 
exterior surface during the embossing step, while repUcating the micro-roughness from die 
matte release coat to produce the low gloss surface. 

The clear coat polymer blend is preformed as an extrudable material in peUet form, 
fed from a hopper to an extruder having an extruder die above the surfece of the carried 
sheet. The carrier sheet is provided as a supply roll and is unwound and travels at a high 
line speed past the extruder. In one embodiment, line speed exceeds 200 feet per nunute. 
The die extrudes a coating of die melted polymeric material through a narrow slot diat 
uniformly coats the carrier sheet which is continuously moving at high speed past the 
exttuder die slot. The entire thickness of the coatmg is immediately cooled tiiereafter, as 
described below. The extrusion carrier is wound as a take-up roll. 

Referring to HG. 2, die supply roll of die carrier fihn is shown wifli the carrier sheet 
30 passmg around a series of rolls prior to applymg a release coat to die surface of die carrier 
by a conventional gravure cylinder. ITie release coat is preferably a tiiermosetting resinous 
material which, when exposed to heat for drying it, also crosslmks and permanenfly bonds 
as a surface fihn adhered to die carrier sheet. The solids contamed in die matte release coat 
preferably inchide, as a principal component, one or more crosslinkmg agents to provide 
good adhesion of die dried crossluiked coating to die polyester carrier fihn. In one 
embodiment, die matte release coat formulation includes a primary crossUnkmg resin such 
as a vinyl resin tiiat bonds to die polyester fihn. A suitable vinyl resin is a medmm 
molecular weight vmylchloride-vmylacetate resm known at VAGH. described m more detail 
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in Example 8 below. This vinyl resin can be present in an amount up to approximately 20% 
of die total solids in the matte release coat. In addition, the matte release coat can inchide 
a secondary crosslinking resin to improve release of the clear coat ftom the matte release 
coat. In one embodiment, the secondary crosslinking resin can be an aciylic modified alkyd 
resm such as the resin known as Unkyd 13-1245 also described in more detaU in Example 
8. This secondary crosslinking resin comprises ftom about 5% to about 20% of the total 
solids of the matte release coat. The matte release coat further inchides a suitable catalyst 
for accelerating the crosslinking process, typicaUy comprising from about 1 % to 4% of the 
total solids in the matte release coat. 

Hie resinous components of the matte release coat composition are mixed with suitable 
solvents. 1° one embodiment, the resins are mixed with a primary resin solvent such as 
methyl «»buiyl ketone (MIBK) which comprises about 65% to about 85% of the total solvent 
m the formulation. A secondary resin solvent such as isopropyl alcohol (IPOH) is useful in 
retarding crosslinking of the resins in solution. The secondary resin solvent comprises from 
15 about 5 % to about 20% of the total of solvent. 

The matte release coat formulation is prepared by dissolving the primaiy crosslinkiiig 

resm in the primary and secondary resin solvents by mixing and then adding the secondary 
crosslinking resin, together witii a primary malting agent, preferably in the form of a fiUer 
comprising a fine particulate inert inorganic material. In one embodiment, the filler 
comprises aluminmn silicate with an average particle size of about 4.8 microns.' Tlie filler 
contained in the formulation comprises up to about 25% of flie total soUds in the matte 

releasecoat. The fine particulate filler is dioroughly dispersed in the resin and resin solvent 
blend, preferably under elevated temperaoires ftom about lOO'F to 120°F. 

In use. when die matte release layer dries and crosslinks, it forms a chemical matte 
coating on flie surface of the carrier sheet. The matte surface is controUed by the amount 
and particle size of the filler. The fine particles project tiirough the dried exterior surface 
of the matte release coat to form, on a microscopic scale, a surface witii micro-roughness 
that transfers to the surface of die dried topcoat a repUcated micro-roughness diat pitwhices 
light scattering, resulting in a low surface gloss on die topcoat. 

The matte release coat formulation also includes a release agent to enhance freely 
releasing die carrier and its matte release coat ftom die topcoat during die transfer process 
The release agent preferably includes a wax component such as a polyediylene wax which 
melts at elevated temperatore to allow easy hot release of die release coat. TTie wax 
component is normally suspended in die matte release coat at tenqieratores below die 
tenqierature where die polyediylene wax will start to sweU or dissolve in die solvent blend 
A significant viscosity increase can be observed above 90°F indicating swelling and or partial 
dissolving of die polyediylene wax. The wax component, in its suspended or particulate 
form, acts as a matte agent to enhance transfer of die low surface gloss to die clear coat 
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The temperature of the extrusion at the transfer-embossing point of the process heats the 
laminate (inchiding the release coat) to melt the wax sufficiently for it to enhance the release 
properties of the matte release coat. Preferably, the melting point of the wax is below the 
temperature at which the release-coated carrier is stripped from the laminate. In a preferred 
polyethylene wax known as Shamrock S-381-N1 (described in Example 8 below), the melting 
point of the wax is about 206"?. Stripping of the release-coaled carrier can be carried out 
at lower temperatures but at about 80"? to 140»F above the melt point of the wax, the wax 
further enhances release. 

The wax, which melts at relatively higher temperatures as it dries, can have a 
crystalline or semi-crystalline structore. and at restively lower temperatures is believed to 

crystallize and reform particles wWch affect die matte transferred to the laminate Inone 
prefimed form of the release coat formulation, the polyethylene wax comprises fiom 12% 
to approximately 25% of the solids contained in the matte release coat. 

The release agem contained in the matte release coat formulation fiirther inchides a 
silicone resin component which combines with the polyethylene wax to enhance free release 
of the clear coat from the matte release coat at elevated temperatures. In one embodiment, 
the silicone resin comprises from approximately 2.5% to 25% of the soUds contained in the 
matte release coat formulation. Release is improved and the lower gloss is transferred when 
the wax and silicone resin are used in combination in the matte release coat. 
20 HG. 17 is a schematic diagram ilhistrating successive steps used in one embodiment 

to apply muWple coatiiigs to the extruded PVDF/acrylic transparent film to produce a 
decorative foU having a wood grain appearance. In die illustrated process there are two 
wood grain print stages 250 and 252, followed by two continuous color coat stages 254 and 
256 and a continuous size coat stage 258. 

The wood grain print coats can be formulated from a diermoplastic synthetic resinous 
coating composition containing an acrylic resin, such as polymediyl methacrylate or polyediyl 
methacrylate, or mixtores thereof, inchiding methacrylate copolymer resins and minor 
amounts of otfier co-monomers; or the print coats can be made from a fluoropolymer resin, 
such as polyvmylidene fluoride (PVDF) or polyvinyl fluoride (PVF); or the print coats can 
be formulated of blends of fluoropolymer and acryUc resins. The level of pigmentation in 
the coating can range up to about 40% by volume on a soUds basis, depending upon the 
depth of color needed for die particular wood grain pattern being printed. However, less 
than about 10% pigment by volume is preferred. The dry coat weight of die wood grain 
print coats ranges from about 0.1 to about 2.0 gm/m2. Example 8 below describes in more 
35 detail die pigments tiiat can be used in die wood grain printing inks. 

Referring again to FIG. 17, die foil containing die dried wood grain print coats passes 
from die second drying oven 252 to a gravurc print station where a first color coat is coated 
on tiie finished, dried second grain wood grain print coat. After first color coat is dried a 
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second color coat is appUed in the fourth gravure station 256. The color coat is dum passed 
through an inq)inging air oven operated at a temperature of about 225'F for drying the 
second color coat. The foU containing the color coats next passes from the fourth drying 
oven 256 to a gravure print station where a size coat is coaled on the dried color coat The 

"^"^ ^P"^ ^ '^^^^ 258 operated at a temperatoie of about 
225 F for drymg the size coat. The size coat is applied using a gravure cylinder and can 
contam pigment up to about 25% pigment by volmne. although less tfian 10% by vohmie is 
preferred. The dried coat weight of the size coat ranges from about 1 to 3 gr/m2 

The size coat comprises any of various suitable coating compositions to provide 
adhesion of the decorative foil to the extruded sheet during the transfer step carried out later 
durmg the process. The size coat preferably comprises a suitable thermoplastic resinous 
material such as an acrylic resin. In one embodiment, the size coat comprises a polymethyl 
mettiacrylate or polyethyl methacrylate-containing resin. Such a size coat formulation is 
sufficient for providing a good bond to an extrusion made from a PVC resin. 

In certain instances in which a backing sheet may be made from a thermoplastic olefin 
such as polypropylene or polyethylene, a different size coat can be used. In this instance 
the size coat is preferably made from a coating composition of a solution of thermoplastic 
chlormated polyolefin (CPO). A preferred CPO size coat preferably is a chlorinated 
polypropylene or chlorinated polyetiiylene. in which the coating composition contains about 
10% to about 60% by weight of CPO, and correspondingly, about 50% to about 90% by 
weight solvent 

Following drying of the size coat, the foil exits die drying oven 258 and is passed 
toough a tension control system prior to being wound on a supply roU 260. TTie completed 
foil IS then removed from the second coating system and installed at the unwind station of 
the extruder-laminator shown in FIG. 18. The completed foil is illustrated in cross-section 
mFIG. 19. 

Referring to HO. 18, during the transfer embossmg step, the wood grain printed 

transfer foil 262 is fed to the nip of an embossing roU 264 so that die carrier film is in 
pressure comact wifli the melal embossing roller and die size coat on the foil is in pressure 
with die extruded plastic fihn 266. lUe embossing roU 264 imprints a 
duee-dmiensional pattern of impressions in die outer surface of die topcoat. Embossing is 
optional since a panel may be made widiout embossments for producing an odierwise desired 
surface fimsh. Embossing is done dirough die depdi of die carrier fihn. Since embossing 
IS earned out when die extruded sheet is at a temperature below, but reasonably close to its 
extrusion die exit ten^mre, die extrusion is sufficiendy pliable to facilitate embossing 
deep diree-dmiensional impressions (up to an average depdi of about 120 microns) dirough 
die earner fihn and into die depdi of die topcoat on die surface of die extruded sheet THe 
earner fihn is sufBdenfly diin (about 0.48 to about 0.75 mil) to cause die metal embossing 
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roller pattern to be physically transferred through the carrier fflm to the topcoat, while stUl 
maintaiimig a carrier fihn strength sufficient to be hot stripped from the embossed topcoat 
at a stripping station 267 downstream from the embossing station. 

When the decorative foU is pressed into contact with the extruded sheet, the extrusion 
temperature is also sufficienUy elevated to bond the foil to the extruded sheet. The polyester 
carrier sheet has a heat resistance well above the extrusion die exit temperature, so the 
carrier resists elongation or deformation during the transfer and embossing step. 

Following the embossing and transfer step, the flexible, laminated embossed extruded 
fihn 268 undergoes controlled cooling from the nip of tfie embossmg roll to the pomt where 
the carrier is strqiped from the laminate. A series of water-cooled chiU rollers 270 produce 
a controlled temperanire reduction in the laminate. The laminate is cooled to a temperature 
m the range from about 295-F to about 340»F occurring at the pomt where the carrier fihn 
is stripped from the lammate. The preferred stripping temperahire is about 31 0*F. Coolmg 
to the lower temperature also sets the unpressions embossed m the lammate. If the 
temperanire stays too high, flowability of the laminate can cause the unpressions to smooth 
out. The temperanire drop also enhances freely removing the carrier from the laminate. 

The matte release coat, which has been crossUnked and permanently bonded to the 
carrier sheet, remains adhered to the carrier fihn during the strippmg process. The matte 
release coat has a chemical matte outer surfece with a micro-roughness which transfers a low 
gloss surface to the topcoat. The micro-roughness of the matte coat is replicated to transfer 
a sufficiently low gloss to resemble the appearance of natoral wood gram. However, other 
gloss levels also can be produced. The formulation of the matte release coat proxies a 
combmation of the desired low gloss surface, together with a smooth or free release of the 
carrier sheet from the replicated low gloss surface at elevated stripping temperatures. 
25 FoUowing strippmg of the carrier sheet, the decorated, embossed sheet passes from 

the coolmg rolls to a formmg station using forming dies to shape the edges of die sheet and 
punch mounting holes at desired mtervals. Further coolmg occurs between stripping of the 
carrier and the forming station. The formed sheet is then passed to cutting station for cuttmg 
the sheet mto separate panels. A finished panel is illustrated schematically m HG. 20. 

One embodiment of this mvention conq)rises a process for making solid color siding 
panels. FIG. 12 schematically ilhistrates mitial steps in this embodiment of the mvention in 
which a clear coat/color coat coextrusion is extrusion coated from the extrusion die 192 onto 
the thermoplastic substrate 184. The substrate m this embodiment is preferably a 
thermoplastic material 4 to 40 mils thick. The substrate can be an extruded rigid pigmented 
PVC compound with a thm coextruded acrylic tie layer extrusion as a coextrusion from the 
extruder die 176. The substrate polymer compound is preformed as an extrudable material 
m peUet or dry flowable powder form from the hopper mto the extruder to the feed block 
and die. The coextrusion die is adjacent to the calendar stack of three temperanire controUed 
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rolls 178, 180 and 182. The tie coat is preformed as an extnidable material in peUet form 
fed ftom the hopper into a second extruder to the same feed block or die as the substrate 
polymer. The coextrusion is typicaUy fed horizontally into a set opening between the top and 
middle roUs of the three roU calendar stack. The top roll 178 is used for metering and the 
middle roU 180 is set at line speed to support the substrate while it starts to solidify. The 
bottom roU 182 is used to smooth the top surface of the tie coat and to finish cooling the 
substrate for proper handling. 

The weatherable solid color PVC cap stock made as described above is preferably 
about six mils in thickness and is pigmented to supply a suitable background color to the 
weaflierable extrusion coats extruded from the die 192. 

The clear coat preferably comprises a solid polymeric material that can be extruded 
as a transparent fihn. and polyvinylidene fluoride (PVDF) and polyvinyl fluoride (PVF) are 
the preferred fluoropolymers. A presently preferred extrudable polymeric material for this 
apphcation comprises a blend of PVDF and acryUc resins. The preferred acrylic resin is a 
polymethyl mefliaciylate polymer (PMMA), although a polyethyl methacrylate polymer 
(PEMA) also can be used. In a presently prefeired formulation the clear coat material 
comprises approximately 50 to 75 percem by weight PVDF and ftom sq,proximately 25 to 
50 percent acrylic resin, by weight of the total resin solids present in the PVDF/acryUc 
formulation. These solids ranges are based on the relative proportions of the PVDF and 
acrylic components only in the clear coat formulation. Other minor amounts of soUds such 
as UV stabilizers, pigments, and fillers also may be contained in the clear coat formulation. 

The color coat may comprise the same resinous materials as the clear coat and to 
which pigments have added. The level of pigmentation in the color coat is typically 10 to 
20peicentoftotalcompoundweight,butinsomecasescanbehigher. Otherminor amounts 
ofsohds such as UV stabilizers and fillers can be included. Mixed metal oxide pigments arc 
the preferred pigments because of their excellent heat and light stability and the availability 
of an m-rcflective black pigment which minimizes heat build-up in the wood grain decorated 
vinyl siding panel. 

The color coat and clear coat are preformed as an extrudable material in pellet form 

fed ftom die hopper 186 to the extruder 187 and from the hopper 188 to the extruder 189, 
respectively. Extruded clear coat and extruded color coat are individually fed into the feed 
block 190 and then die partitioned melt is extruded ftom the die 192 onto the suri'ace of the 
extruded substrate where they form individual layers. The color coat is in contact with die 
tie layer on the substrate and the clear layer provides an exterior protective coat for the color 
coat. In one embodiment, line speed exceeds 200 feet per minute. The die 192 extrudes die 
polymeric material to form a diin coating of die two liquid layers diat uniformly coats the 
tie coat surface of die substrate. The clear coat ttiickness can range from 0. 1 mil to 2 0 mils 
and die color coat diickness can be 0.3 to 2.0 mils. The preferred ttiickness is 0.6 mfl for 
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the color coat and 0.4 mil for the clear coat. Extrusion temperatore is in excess of 350»F 
and in some instances can approach 475°F. ITie entire thickness of the coated substrate ^ 
cooled immediately while in contact witii the chUl roU 196. The extruded substrate is wound 
as the take-up roU 204. (In this instance, the high gloss carrier 200, referred to earlier in 
the process described in FIG. 12, is not used to control gloss.) 

The rigid PVC substrate with the weaiherable solid color finish is next instaUed at the 
unwind station 262 of the extmder-laminator shown in HG. 18. Referring again to HG. 18, 
during the lamination embossing step, die weatherable solid color substrate is fed into the nip 

of die embossing loU 264 so that die weatherable fmish is in pressure contact with the metal 
embossing roU and the substrate contacts the molten PVC extrusion. The embossing roll 
imprints a diree-dimensional pattern of impressions in the outer surface of die topcoat 
Embossing is done in contact widi die weaUierable top cap and relies on heat from the molten 
PVC to supply the heat for embossing die impressions. If necessary, die weatiierable 
finished substrate can be preheated witii IR heaters or a heated roU to aUow die weatiierable 
solid color finished substrate to accept die imprint from die embossing roll. Whenexiting 
die embossing nip die substrate of die weatiierable top cap is permanentiy fused to tiie 
extruded PVC material. In tiiis embodiment no carrier sheet is used and tiie surfece 
properties of die finished panel are controlled by die embossing process. After embossing, 
die weatiierable soUd color siding material proceeds to forming dies where die siding i^ 
formed by shaping die edges, die siding is chiUed in a water batii, mounting holes are 
punched, and die siding panel is cut to tiie desired size. As an ahemative, and as mentioned 
previously, die extrusion coated vinyl siding panels can be made witiiout adding die 
embossments. 

2^ A matte release coat was formulated as follows: 
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• • COMPONENT • 


PARTS 




mposition 1 




A/ff*^hv1 ICTkKiitvl IrAt/wtA rKXT^V\ 

mcuiyi isouUiyi KclOnC (MIeiK) 


30.50 




laopropyi aiconoi 


5.40 




v/wjh 


5.30 






52.60 




i--anicya 13-1245 


6.20 




mposiuon 2 






Methyl isobutyl ketone (MIBK) 


56.70 




isopiopyl alcohol 


9.00 




VAGH 


15.10 




Lankyd 13-1245 


19.20 


Rel 


ease Coat 






Composition 1 


39.99 




Composition 2 


20.60 




SR107 


2.09 




S381-N1 


9.70 




MIBK IPOH blend (85/15) 


17.39 




Cycat4040 


4.07 




Cymel303 


6.16 



The components of fliese formulations are described in more detaU in U.S. Patent No. 
5,203,941, which is incorporated herein by refereiKe. 

Compositfon 1 was produced by dissolving the VAGH resin in an MIBK and IPOH 
blend by mixing with a Cowles mixer and then adding the Lankyd 13-1245 and ASP400P 
while mixing. This mixture was then sandmilled at a temperature of about 110»F to disperse 
the ASP400P. The release coat was prepared by blending compositions 1 and 2 and then 
adding die remaining components in order whUe mixing at 1 ,000 rpm with a Cowles mixer. 
Care must be taken to avoid heating the release coat to greater than 90»F to avoid swelling 
and/or partially dissolving the Shamrock 381-Nl wax. It is recommended fliat die catalyzed 
release coat be used within 24 hours at normal process conditions. 

An extrusion PVDF/acryUc was compounded from the following conqwnents: 
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Extrusion Coadng Kynar 720 


68.4 


VSlOO 


29.6 


Cyasorb 2098 


2.0 




100.0 



This extrusion coating formulation was compounded using the twin screw Werner 
Pfleidercr Model 53MM extruder to obtain pellets of uniform blend. The twin screws were 
co-rotating and its configuration was designated Avery Dennison "A. • The two resins were 
dried in a dryer at 160°F for four hours before being extruded into peUets. During the 
extrusion process the vacuum vent in the compression zone of the screw was used to further 
remove moisture and other volatUe conqwnents. The feed into the extruder was starved, and 
the heating elements or zones of extruder were set at (1) 100°F, (2) 360»F, (3) seO'F (4) 
360»F (5) 360°F (6) 360»F (7) 360''F but the observed vahies were (1) 108»F (2) 360''F 
(3) 374-F, (4) 3660F. (5) 360-F. (6) 355'F. (7) 358'F. The screw was maiiiained at 6^ 
rpm usmg 680 H.P. and a corresponding current of 52-54 amps. The melt temperature of 
this formulation was maintained at 355»F and a screen pack consisting of three different wire 
meshes: 20, 40 and 60 was used to clean the melt stream. This material was peUetized. 

A clear ink and color coat vehicle was prepared from the following formulation: 
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Iparts 


Ink yehide 




Methylethyl ketone 


41.54 




Methlypropyl ketone 


41.53 




Kynar 7201 (SL) 


12.45 




Hvacite 2010 


4.15 




Tinuvin234 


0.33 


Grain ink 1 






Ink vehicle 


81.70 




Buff MMO pigment concentiate 


0.10 




Brown MMO pigment concentrate 


11.70 




Black MMO pigment concentrate 


3.30 




Solvent blend 65% MEK 35% MPK 


3.20 


Grain ink 2 






Ink vehicle 


76.80 




Buff MMO pigment concentrate 


0.60 




Brown MMO pigment concentrate 


14.40 




Black MMO pigment concentrate 


5.00 




Solvent blend 65% MEK 35% MPK 


3.20 


Color coats 






Ink vehicle 


59.60 




White TiOy pigment concentrate 


23.60 




Buff MMO Pigment Concentrate 


4.10 




Brown MMO Pigment Concentrate 


7.80 




Black MMO Pigment Concentrate 


0.60 




Solvent blend 65% MEK 35% MPK 


4.30 


Size coat 






Toluene 


59.40 




IPOH 


19.80 




Hvacite 2010 


19.44 




Degussa TS-lOO 


0.97 




Tinuvin 234 


0.39 
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The ink vehicle was made by dissolving die Kynar 7201, Elvacite 2010, and Tinuvin 
234 m MEK and MPK. and heating to 130»F to completely dissolve the Elvacite 2010 Tbs 
gram mks and color coats were prepared by blending components in the above ratios adjusted 
to match the color standard. The size coat was prepared by dissolving the Elvacite 2010 in 
the toluene and IPOH at 130"»F whUe mixing m die Degussa TS-100. 
Preparation of the Wnmi Grain Print Pd Tranrfw 

The matte release coat was gravure coated with a lOOHK gravure cylinder pattern at 
a coat weight (dried) of 5.0 gr/m2 onto a 60 gauge oriented gloss polyester carrier sheet 
usmg the processing steps illustrated in HG. 2. n,e carrier comprised Skyroi SM30 sold 
by SKC America. Inc., traveling at 200 feet per minute. The release coat was dried and 
crosshnked in a 20 foot impinging-air oven (Oven 1) at an air temperature of 340"F Tbt 
release coated carrier was then cooled and wound as a roil. In a preferred configuration 
(HG. 2) the release coat and extrusion clear coat are applied in tandem. 

The release coated carrier sheet was provided as a supply roll and was unwound at a 
high speed flirough an exomion coating station. As die carrier sheet moved at a high rate 
of speed, compounded peUets of PVDF/acrylic enter an extruder dirough hopper. In die 
extruder, external heaters and mechanical energy horn die rotating screw heated die 
compound to above its melt lemperanire and forced it through the slot die as a flow of die 
polymericniaterialat420»F. The extrudate flows downward and contacts die release coated 
carrier sheet and a Teflon* coated cooling drum at die nip point between die rubber backup 
roU and die Teflon* coated cooling drum. As die extrudate approaches die nip pomt die 

high line speed accelerates die flow of die extrudate and draws it into a 0.4 mil duck fihn 
while, widi high nip pressure of about 200 pounds per linear inch and die molten properties 
of die polymer, die fihn replicates die surface of die matte release coat. Cooling water at 
70°F chills die clear coat and removes die excess heat from die process. The release coated 
PET widi extruded clear coat is dien removed from die surface of die Teflon* coated drum 
and wound on a rewind. 

The rewound roll is removed from die second coater and set up on die unwind station 
a dmd coater (no. 17). The clear coated side of die coated fihn was dien gravure printed 
at a speed of 200 feet per minute widi a series of two grain prints, two color coats, and a 
size coat. The drying oven tenqieratures were 250»F. TTie grain inks and color coats 
(formulations described above) were made by pigmenting die Kynar 7201/Elvacite 2010 clear 
vehicle above widi pigment concentrates made widi mixed metal oxide (MMO) pigments 
These mixed metal oxide pigment concentrates were supplied by Gibraltar Chemical Worics 
Soudi Hollaml. Illinois. 

The use of mixed metal oxide pigments in die wood grain print inks and color coats 
is desirable because of die excellent durabiUty of mixed metal oxides and die availability of 
an infrared-reflective mixed metal black pigment which minimizes heat build-up in die wood 

^3- 



15 



PCr/US9d«)9893 

1 grain decorated vinyl siding panel. However, the mixed metal oxide pigments can result in 
excessive gravure cylinder wear when the grain ink patterns are coated with chrome finished 
gravuie cylinders. To avoid this problem the etched cylindeis were coated with a metal 
nitride such as a titanium nitride ceramic coating. The cylinders are coaled with a 
5 conventional vacuum metallization process. 

The color coats serve not only as a background color for the wood grain pattern but 
are used to block nadiral UV light from attacking die vinyl in die siding panels. The 
combination of a clear coat over a durable mixed metal pigments system with UV blocking 
in the PVDF/acryUc foil serves to eliminate chalking, minimize fading and protect the PVC 
10 from the harmful effects of weatfaerii^. 

Prpduction of Rxperimental P ^ed Wonrf-Like Vinvl RMing 

A coextnided PVC siding construction was extruded at a temperadire of about 400»F 
at a speed of 60 ft/min and a total thickness of about 44 mils. The top coextrusion layer, 
also known as the weatherable top cap. was placed over a lower-cost substrate which 
contained legrinds. The top cap contained higher pigmentation and higher stabilizer content 
tounprovetheperformanceoftiiesidmgmaterial. The lower pigmentation, lower stabilizer, 
higher filler, and regrind in the bottom layer combmed to lower die cost of die sidm^ 
material. The crossweb width was approximately 15 inches. The vinyl sheet contained 
pigmentstoprovidetiiebackgroundcoloroftiievinylsidingpanel. The previously produced 
wood grain printed transfer foil was passed tfuough die nip of an embossing station along 
widitfM. extruded fihn. Embossing was ftom a 12.5 mch diameter metal embossing roUer. 
The anbossing station was positioned approximately five mches ftom die extruder die exit 
openiiig. The polyester carrier sheet surface was m contact widi die metal embossing roUer, 
and die size coat was in contact widi die extruded fihn. 

The embossing roU imprinted a tiiree-dimensional pattern in die transfer-decorated fihn 
which sunulated wood grain m die form of painted wood wifli random Unes generaUy m one 
direction of various lengdis, widdis and depdis spaced qiart about 1 to 2 mm widi an average 
peak-to-valley height of about 20 to 120 microns. There were some deeper embossed lines. 
When viewed m oblique light, the embossing cast shadows similar to tiiose found widi 
30 namral painted wood viewed at die same angle. 

The extruded sheet was cooled to a temperature of about 308"F before stripping die 
carrier fihn ftom die decorated vinyl sheet at a stripping station downstream from die transfer 
and embossing station. The carrier fihn had a sufficient tiiickness (60 gauge or 0.60 mil) to 
allow die metal embossmg roller pattern to be transferred, while maintaming die fihn strengdi 
to be hot stripped from die clear coat at a temperaUire of SOS'F. The release-coated carrier 
sheet was wound for removal, and die clear-coated, wood gram decorated embossed extruded 
vmyl material proceeded to forming dies where die sidiiig was formed by shaping die edges, 
punching mtmnting holes, and then cutting to size. 
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Vinyl siding produced by this process in this release coat had 75 degree gloss readings 
of 18-20 gloss units, giving the qjpearance of natural painted or stained wood. Surface gloss 
was measured by ASTM test D 3679-86, 5. 1 1. 
Example 10 

FIG. 2 schematically Ulustrates the first step in a process in which the color coat is 
coextruded, along with an acrylic size coat, onto the release coat described in Example 8. 
The color coat is extruded on the release coat surface of 0.6 mil polyester fihn with the size 
coat contacting the Teflon® coated cooling roU. The color coat thickness can be 0.5 to 2.0 
mils, but in a preferred embodiment the color coat is a 1.0 mil thick fihn weighing 45 
gm/m2. The color coat is designed to block 100 percent of UV radiation. After cooling the 
foil is wound on a take-up roll. 

The color coat with size formulation as described above is next placed on the unwind 
stand of the extruder-laminator shown in FIG. 18. During the transfer embossing step, die 
solid color transfer foil is fed to the nip of the embossing roUer where the size coat on the 
foU is in pressure contact with tbc molten extruded plastic fihn. The embossing roU in^rints 
a three dimensional pattern of impressions in the outer suifece of die color coat. Embossing 
is done through the depth of the carrier fihn. Since embossing is carried out when the 
extruded sheet is at a temperature below, but reasonably close to its extrusion die exit 
temperature, the extrusion is sufficiently pliable to facilitate embossing deep three 
dimensional fanpressions (up to an average depth of about 120 microns) fluough the carrier 
fihnandintothedepfliof the topcoat on the surface of the extruded sheet. The carrier fihn 
acts as a thermal barrier and is sufficiently thm (about 0.48-0.75 mil) to cause die metal 
embossmg roUer pattern to be physically transferred through the carrier fihn to the topcoat. 
The carrier still maintains a carrier fihn strength sufficient to be hot stripped from the 
embossed topcoat at the stripping station downstream from die embossing station. 

The preferred plastic extruded in die extrusion laminator is a typical coextruded PVC 
substrate material used to make vinyl siding panels. A low cost substrate material has the 
following formulation: 
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COEXTRUDED SUBSTRATE mWMTTt .ATinM 





0 ;F4MS/tiO^Mlitoi;f:^' 

-^KESINL^■•^:;y;^v^■? 


PVC T&an 


100.0 


loiai pigmeiu 


3.0 


liupoct luoainer 


5.0 


nCal SioOlllZcr 


1.2 


Process aids 




Calcium stearate 


1.2 


Calcium carfoonate 


10.0 




120.9 



This material does not have sufficient pigmentation by itself to make siding panels but 
the finished combination is sufficient because the soUd color laminated fifan (described above) 

has sufficient pigmentation to block aUUV radiation and to provide required opacity TTus 
compound can be dry blended and fed into the extruder hopper as a dry powder. 

The process ilhistrated in FIG. 16 depicts a further embodiment of the invention 
comprising a four layer coextiusion of a clear coat, a color coat, a size coat and a backing 
sheet and the subsequent lamination of a high gloss polyester film to die clear coat portion 
of the laminate. A flat sheet extrusion line is equipped with four extruders. One extruder 
is fed backing sheet material such as ABS, polycarbonate, TPO. or PEFG. A second 
extruder is fed size coat materials such as PMMA,PEMA, or CPO. The size coat material 
is selected to bond die PVDF/acryUc color coat to the backing sheet. A tiiiid extruder is fed 
a PVDF/acrylic color coat, and the fourdi extruder is fed a PVDF/acrylic clear coat The 
melt from these extruders is fed into a feed block which controls the relative thickness of 
each component in the final coextruded laminate structure. A preferred ratio is- 19 111 
Hie partitioned melt flows to die die where it is extruded. The coextruded laminate st^nire 

IS flien fed horizontaUy into a set opening between the top and middle rolls of a tiiree roll 
calendar stack where a high gloss polyester carrier is laminated to the clear coat portion of 
die laminate. This laminate, along wifli die PET carrier is dien "S" wrapped around die 
lower two rolls of die diree roll stack for cooling and tiien traveled over idler rolls to a 
tate-up roll. 
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Example 11 

The fonnulation of Example 4 was coextruded with other polymeric materials as 
illustiatedmHG.21. A coextmsion melt 280 comprising a clear coat and a primer coat is 
extrusion coated onto a 2 mil high gloss polyester sheet, such as Hostaphan 2000 bom 
Amencan Hoechst. This process used an extrusion coating station equipped with two 
extruders. One extruder is fed a clear coat material as described in Example 3. lUesecond 
exmider ^ fed a primer coat; this primer acts as a tie between sheet PVDF/acrylic clear coat 
and the color coat. TTie melt stream from both extruders is fed into a feed block- the 
partmonedmeh then flowed to a die 282. This melt is extrusion coated onto the poly«ter 
J*eet such that the clear coat is in contact with PET. The polymeric materials contained in 
the pmier consist primarily of acryUc and/or vinyl resins. The preferred acrylic resin is 
polyediyl methacrylate (PEMA). Other minor amounts of solids, such as UV stabilizers 
pigments, and fflleis may also be present in the prime coat formulation. Tlie prime coat i^ 

Wlied to the clear coat side of the web 286. and is used to enhance the chemical bond with 
the color coat. 

After the prime coat is applied, the coated carrier sheet 288 passes to anoflier extrusion 
c^tmg operation 290 where an extrusion coated color coat is applied from an extruder die 
2^to the prime coat side of the web. Thiscolorcoatcancomprise various resins, including 
?VDF, acryUc. PVC. and urethane, plus other additives and fiUers. including pigments, heat 
stabihzers, and Ught stabilizers. . 

The web then passes ID a laminatiiig station 294. where a pressure sensitive transfer 
^296 IS applied to the color coat side of the web. The laminating station inchides the 
heated drum and pressure roU described previously. The transfer tape had been previously 
coated using conventional reverse roU coating techniques, and is protected by a release coated 

earner sheet 298. The extrusion coated and adhesive coated carrier fflm 300 is then wound 
as a take-19 roll 302. 

Th^ construction was used in an exterior automotive application where pressure 
sensitive fihns are typicaUy used, and retained high gloss and DOI. 

Thus, the invention has been described in relation to its uses in the mamifacmre of 
extenor automotive body panels and extruded plastic siding panels, although other uses are 
contemplated, such as window and door moldings, rain gutters and other outdoor structures 
for example. 

_ Two trials were conducted in which substrates were coextruded with a size layer for 
lammatmg to exterior dry paint fihns. 

In one trial a one ma methane modified polyethylene adhesive layer (MOE 2 Elf 
Atochem) was coextruded with a one mil modified polyethylene tie layer (Admere SF-700 
Mitsui), both of which were coextruded with an 18 mil TPO backing sheet (a polypropyleni 
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Dexflex, DNS Plastics International). In another trial a one mil uretbane modified 
polyethylene adhesive layer (MOE 2) was coextnided with a one mil modified polyethylene 
tie layer (Admere SF-700), both of which were cotextruded with an 18 mil polypropylene 
(homopolymer) backing sheet. The three-layer coextrusions were successful in laminating 
to dry paint fihns with good adhesion. The coextrusions were each laminated to- (l)aone 
mil high gloss PVDF/acryKc clear coat/0.5 mil black PVDF/aciyUc color coat paint fiUn 
havmg a 0.1 mil PMMA size coat; (2) a high gloss PVDF/acrylic clear coat (one mil)/color 
coat (0.5 mil red) paint fihn having a 0.1 mil PMMA size coat; and (3) a one mil 
PVDF/acrylic monocoat mid-gloss black paint fihn with no size coat 

The methane modified polyethylene adhesive layer provided good adhesion to the 
PVDF/acryUc dry paint transfer fihns and the modified polyethylene tie coat provided good 
adhesion to the olefin backing sheets. The coextrusions were successful in that their meU 
temperatures were reasonably close to each other, within a range of about 50»F. 
Compoimding of Redns 

Compounding of the resin can be a critical aspect of the extrusion process. A 
preferred formulation for the starting material used in extruded fihn trials described below 
comprises a 60/40 blend of PVDF and PMMA along witfi a UV stabilizer comprising about 
2% of the total blend. Other formations can be used, as described below. In addition, the 
extrusion techniques described herein are generally applicable to clear coat fihns extnided 
at a fihn thickness of about 0.5 to about 2 mils, and for the trials described below, coat 
thickness was about one mil. 

A suitable extruded fihn. particulariy for exterior automotive use. requires mmimal 
optical defects in order to ensure reasonably high optical clarity in the finished clear coat 
outer fihn. Optical defects in the extruded fihn can be caused by dirt particles and other 
entrained contaminants fiom the extruder and/or by formation of gels in the extruded 
material. For mstance. extruded coatings contaming PVDF polymers are subjected to gel 
formation at high extrusion temperadires. Crosslinking of vinylidene fluoride polymers 
mcreases at high melt temperamres , leading to a greater number of defects caused by gel 
formation. One of the objectives of the invention is to maintain high line speed while 
producing extruded fihns with minimal defects. However, there is a relationship between 
Ime speed and the number of defects for a given extruder. If extruder screw rpm must 
uicrease to produce higher line speeds, more shear and heat generation in the extruded 
material may cause gel formation and resultant optical defects. 

Variations in processing can reduce the formation of defects caused by gel formation 
in the extruded clear fihn. As mentioned, gel formation from the PVDF component is a 
mam contributor to defects, and one approach is to remove one "heat history" from flie melt 
by a two-step melt extrusion process in which the PVDF is subjected to less heat TTie 
two-step process involves: heat history 1 - making peUets from the acrylic material and UV 
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stabilizer, in the absence of PVDF. foUowed by heat history 2 - making the extruded film 

in which the PVDF is diy-blended with the peUets made m the first processing step. TTiis 
avoids the one "heat history" of subjecting the PVDF to heat in producing pellets from the 
PVDF along with the aciylic and UV stabilizer. Tests have shown that fihns with too high 
a level of defects were made by melt blending the PVDF, acrylic and UV stabilizer together 
to make peUets because of the high shear required to properly blend the components. 

In one experimental test for makmg an extruded fihn, a twin-screw extruder was used 
Twin-screw extruders can have an advantage over single-screw extruders because they can 

mix the materials at low shear, wWch minimizes temperature rise during compounding. TTris 
extrusion trial involved peUets made by removing the one "heal history" of the PVDF from 

the compounded material. The UV stabilizer Tinuvin 234 (Ciba Geigy) in powder form was 
distributed in an acrylic component comprising VS-100 (Rohm and Haas) PMMA in peUet 

fonn. These materials were extruded in a first pass through the extruder to form peUets 
while avoiding exposing the PVDF to one extrusion pass. A high extrusion temperature 
above the gel temperature of the PVDF (in order to pix)perly blend the acrylic and UV 
stabUizer) can be used in the first pass because of the absence of the PVDF. In one trial this 
temperature was 460°F. An extrusion-grade PVDF (Kynar 720) was added in peUet form 
to the second extrusion pass in which an extruded clear fihn having low gels and defects was 
produced when extruded at 400"F. In one trial in which a one mil thick clear coat fihn was 
extruded onto a PET carrier, defects were observed to drop fourfold (from a 50 to 60 gel 
count to a 10 to 15 gel count) when compared with a trial mvolving initiaUy making the 
PVDF in peUet form and extruding aU three components together. foUowed by extruding the 
resultam material into a film. 

As an alternative to a twin-screw extruder, a single-screw extruder was designed which 
permitted extrusion of die fihn at lower shear and a lower melt temperature. The extruder 
flights were designed to increase output and reduce melt temperatores. A low-corrosion 
ChromaUoy material was used for the screw extruder. The extruder comprised a 2 1/2-inch 
Black Clawson single-screw extruder at 30:1 IVD. The extruder flights were reduced and 
the tolerance between die extruder and the inside of the extruder barrel was increased 
slightly, bofli of which reduced the abrasion that causes shear and temperadire huM-ap 
during extrusion. Clear fihns one nul in thickness were produced on a PET carrier widi 
greatly reduced gels and defects. In one trial, considered the most successful to date for this 
extruder, extruder screw speed was 68 rpm, extrusion melt temperature was about 400-410°F 
at the extruder die opening, barrel temperature of the extruder was about 370-380»F, melt 
pressure was about 2,800 psi. and die chiU roU was operated at 75»F. Line speed w^ 135 
ft/min at a web width of 51 inches. A defect count in the range of 3-15 was produced, based 
on a C-charting test method described below. It was observed generaUy ttiat the extruded 
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film clears up at reduced extruder rpm. Raising the chill roll temperature to 85-F also 
appeared to inq>rove fihn clarity in one trial. 

Another approach in reducing defects in the extruded film is with a powder-to^fflm 
bnquettmg process. In the original process of making PVDF. the product is in powder form 
which comes direcUy from the reactor when the PVDF is polymerized. In order to attam 
the objective of producing priUs. or briquettes, with minimal heat, the prills can be produced 
m a smgle-step process ftom the original powder form of PVDF, PMMA and the UV 
stabUizer. A dry extruder with large compaction rolls aK,lies pressure to the powder-form 
materials to produce compaction into prills without melting. 

In one test. 86.4% powder-form PVDF. 10% PMMA and 3.6% Tinuvin 234 was 
compacted into prills. prills were then extruded with PMMA to adjust the final blend 
mtio to die preferred 60/40 ratio, and the resulting extrusion formed a clear fihn havmg low 
defect levels. The powder-form materials are subjected only to pressure witii miniiJheat 
to compact them into the b/iquettes. In one trial, material was con,«cted at 2,400 psi wfth 
a t^nperamre rise of about ISO-F. This process avoids subjecting the PVDF to shear and 
high temperahire normally mvolved m making pellets. 

In anotiier approach for makmg extruded clear fihns with minhnal defects a 
PVDF/aciyUc extruded fihn was made from a large smgle-screw extruder. TTus extruder 

was designed to provide a short minimal distance between die extnider outiet and the die 
opemng so as to minhnize melt travel. A screen pack using 20/40/60/80/100 mesh screens 
was placed between die extruder outiet and die die inlet openiiig. In one embodhnent die 
«h«ance between die extruder outfet dirough die screen pack to 

than about two feet. This large six-mch-diameter single-screw extruder was operated at a 
low rpm which in one trial was 24 rpm. Because of its low speed and reduced waU contact 
widi die exmmed material over die short distance of travel, die polymer melt experienced 
low shear. Temperature of die extiiided material was also low, about 400«>F, well below die 
450OF gel temperature of die PVDF component. Preferred operation of die extruder 
mamtams maxhmim internal extnidate temperatures to below about 20--30«'F below die 
450-F gel temperature of die PVDF. The extruder produced a clear fihn extruded at one 
md tiuckness. 51 inches m widdi, onto a traveling PET carrier. The resulting extruded clear 
coat fihn was essentially defect-free. Line speed also was approximately 160-170 ft/min 
The low defect level was atdibuted to die large-volume, low-shear operation of die extruder' 
A smnlar trial run conducted widi die 2 1/2-uich smgle-screw extruder (described previously) 
operatmg at die same line speed produced a fihn widi greater defects because of higher 
temperature and shear. Generally speaking, because of die reduced vohmie of die 2 1/2-mch 
si^e-screw extruder, line speed would be reduced if shear and temperature are reduced to 
produce fewer defects. 
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The munber of visual defects in a finished extruded fihn is measured to determine the 
optical quality of the fihn. This test procedure, referred to as C-charting. involves 
determining a standard definition for what a defect comprises, by determining the maximum 
size of gels, fisheyes or other optical defects which can be tolerated without adversely 
affecting acceptable fihn clarity. A second C-charting standard sets the maximum number 
of defects acceptable for a given surface area of the finished extruded film. The defect count 
can be charted by plotting the number of defects in a given area at selected time intervals as 
the extruded material is being produced. The charting can reveal undesired shifts, trends, 
cycles or patterns in the extrusion process. 

In one lest standard, the film is viewed on a flat surface with a predetermined light 
source, and the fihn is visuaUy inspected for defects. Any non-uniformity (or 
noi«onformity) larger in diameter than 0.8 mm is considered a defect, and the number of 
defects per eight square feet of extruded fihn are counted, although this standard area can 
vary. An acceptable fihn can be determined to comprise a fihn having an average defect per 
area count below a preset value, which in one test standard is five defects or less per eight 
square feet of surface area. This sample area is determined as a result of conventional fihn 
extrusions 48 inches wide, witii test samples taken at two feet intervals. (In the extrusion 
trials described previously in which fihn width was 51 inches, defects were counted for 8-1/2 
square feet areas.) 
20 Example 13 

The material used for this trial comprised Kynar 720 PVDF/VS-100 PMNLVTinuvin 
234 UV stabilizer in a 60:40:[2pphl blend. The process described above for making 
PVDF/acrylic pellets with minhnal exposure to heat was used to prepare the starting 
material. The extruder comprised an Egan six-inch single screw, single flight extruder. The 
distance between the extruder ouUet and the extruder exit openmg was less than about two 
feet, and a screen pack usmg 20/40/60/80/100 mesh screens was mterposed between the 
extruder ouflet and the die inlet opening. An extruded clear fihn coating approximately one 
nul in thickness was extruded at a web width of 5 1 inches onto a traveling PET carrier fihn. 
Initial start-up was begun utilizing the Kynar/acrylic blend. The extrusion profile was 450»F 
to facilitate screw coating at low amps. Once the polymer flow was established, the barrel 
temperanires were reduced and flie coating process was begun on a poly-coated paper 
substrate to assist in gauge setup. After gauging was sufficient, the PET substrate was 
begun. The extruder was operated at a low rpm to prepare a total of 13.000 feet of fihn. 
Several trials were conducted. In one set of trials, extruder rotation was 24 rpm in order to 
produce the greatest line speed of 157 ft/min. Other trials were conducted at 19 rpm to 
produce a Une speed of 126 ft/mm and at 15 rpm to produce a Ime speed of 100 ft/min. 
Melt pressure of die extruded material varied from 830 psi for the 24 rpm operation to 730 
psi for the 15 rpm operation. The chill roll temperature was maintained at 75''F in all trials. 
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Extruder die zone tempeiaime varied from about 400° to 430-F during the trials and banel 
zone temperature varied from about 350«> to 375»F. In all trials that were conducted 
essentiaUy zero defects were produced in the extruded fihm, resulting in a film having 
excellent optical clarity with the requisite quality attributes for exterior automotive use 

P\^F-tc«cryhc rat.0 ^ from about 55%. to about 65%. by weight PVDF and from about 
^ fclTn ! """^ °' PVDF/acrylic solid polymers contained in 

" "^'^ ^'"^^^^^""•fiJ^^i* Osgood clarity are pml^ 
w,thaPVDF-to-aciyUcn,tioof57-61% PVDF and 39^3% acrylic 

Thas, optical defects caused by gel formation can be reduced to an essentially 

e^ tt^f ^ ^ 

exposed both dunng preparation of the starting material that goes into the extruder and 
dunngexti^ion to pnxhu:e the finished fih^^ Such gel formation is controlled to within 
accep^le hmits by controlling starting material preparation and fihn extrusion so that heat 

and shear do not cause the material to be exposed to tenq^ratures at or above the gel 
fonnatton temperamre of any of the polymers contained in fl,e processed material By 
operatmg aU such steps in the process so that ten,«ratures within the processed material stay 
at no more than about 20''-30«'F below the gel formation temperamre, an essentiaUy 
zercMiefect e«ruded clear film can be produced. Tlte resulting fih„ is thermoplastic and 
thermoformable into high gloss and DOI fihns suitable for exterior automotive use 

I" addition to producing extruded fihm of such high optical clarity, there is a need to 
produce the fihns at reasonably high line speeds. As mentioned, increasing extruder rpm can 
nuclease Ime q«ed. but increased extruder rpm can produce more shear and heat, leading to 
more gel formation. To meet the objective of producing fihns at line speeds in excess of 100 
f^Jin^ large vohm« extnider operating at an exmider rotation 
and producmg an extruded fihn with a die exit opening temperamre of about 20--30OF below 
gel formation temperamre can produce essentially defect-free extruded clear fihns Mdt 
Pi^ also is an important consideraUon and an extruder melt pressure of below about 

7^^r ^ • """^ ^^^'^ P^'' ^ P'«f*«Wy below about 

700-800 psi. For the PVDF/acrylic extruded fihns to produce exterior weatherable 
aitomodve pamt fihns of acceptable optical quality, the extruder has been shown to produce 
bne speeds above 160 ft/min by operating a sufficiently large volume extruder at below about 
50 rpm. and more preferably below 30 rpm. while maintaining extrusion temperatores of die 
fihn extruded from the die exit opening to about 30--50°F below the gel formation 
temperature of 450»F. lonnanon 
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1 Example 14 

The high optical clarity PVDF/acryUc extruded clear fihn of this invention also can 
be used as a weatherable protective outer coating for windows. In ne process the clear fihn 
is extruded onto the PET carrier as described above. The PET carrier and clear fihn are 

5 then transfer-laminated to a laminate comprised of an outer adhesive coat and a metallized 
layer on a polyester fihn. The extruded clear coat layer is transfer-laminated to the adhesive 
layer and the PET carrier is removed to produce a composite comprised of the clear outer 
fihn/adhesive/metallized layer/PET fihn. TTiis composite is then laminated to a layer of glass 
with an intervening transparent adhesive layer. The clear fihn provides good optical clarity 

10 and weatherability for the window gloss composite. 
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WHAT IS CLAIMED IS: 

1. A process for making a protective and decorative sheet material, comprising 
extrusion coating a soUd polymeric material from an extrusion die onto a smooth surface of 
a carrier sheet traveling continuously past the extruder die opening to form a first layer 
comprising a weatherable thermoplastic and thermoformable opticaUy clear coat of uniform 
thickness on the carrier sheet; immediately coolmg the clear coat on the traveling carrier to 
harden the clear coat; applying a pigmented second layer of a thermoplastic and 
thermoformable polymeric material in thin fihn form to the first layer and hardening the 
second layer to form a composite paint coat in which the first and second layers are bonded 

to each other while supported by the carrier sheet; and separating the carrier sheet from 
composite paint coat to expose an outer surfece of the protective first layer as a transparent 
protective outer coat for the pigmented second layer, the outer surfece of die protective first 
layer having a high gloss and a high distinctness-of-image of exterior automotive quality 
transferred to it from its previous contact with the carrier sheet. 

2. The process according to claim 1 in which the second layer is solvent cast on 
the first layer. 

3. The process according to claun 1 in which the first and second layers are 
coextruded. 

4. The process acconimg to claim 1 in which die second layer is extrusion coated 
as a solid polymer followed by cooling to harden the second layer. 

5- The process according to claim 1 inchiding applying a thermoformable 

supportive sheet to the pigmented coat side of the sheet material to form a thermoformable 
laminate capable of retaining said high gloss and distinctness-of-image upon thermoforming 
die sheet into a tbree-dimensionally contoured shape. 

6. The process according to claim 1 m whfch the soUd polymeric material 
comprising the extrusion coated first layer is a blend of PVDF and acrylic resins. 

7. The process according to claim 1 in which the first layer is extrusion coated 
onto the carrier sheet at a line speed greater than about 50 feet/minute. 

8. The process according to claim 1 in which the outer surface of die extruded 
clear coat has a distinctness-of-image in excess of 60. 

9. The process according to claim 1 in which the clear first layer and the 
pigmented second layer comprise a blend of a PVDF copolymer and an acrylic resin. 

10. The process according to claim 1 including coextruding a thermoformable 
supportive backing sheet and a primer coat as a coextrusion and thereafter bonding die 
pigmented coat side of die sheet material to the primer coat of the coextrusion. 

11. The process according to claim 10 inchiding extruding die clear coat at a 
temperature above 350°F followed by exposing die clear coat to contact widi a chill roll 
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having a temperature of less than about 80°F, to harden the clear coat within an elapsed time 
of less than about three to four seconds. 

12. The process according to claim 1 in which the clear coat comprises a blend of 
polyvinylidene difluoride and an acrylic material having a Tg of at least GS'C. 

13. The process according to claim 12 in which the polyvinylidene difluoride/aciylic 
weight ratio is from about 50/50 to about 70/30 based on the total solids of these materials 
present in the clear coat. 

14. The process according to claim 1 in which the first layer is extrusion coated 
from an extruder in which heat generated within the extruded material is controlled to a 
temperature below the gel formation temperature of the polymers contained in the extruded 
material. 

15. The process according to claim 14 in which the extruded material is subjected 
to an extruder rotational rate of less than about 50 rpm. producing a line speed greater than 
about 100 ft/min. 

16. The process according to claim 15 in which the extruded material is subjected 
to an extrusion pressure below about 1,000 psi. 

17. The process according to claim 16 in which the starting material for the 
extrusion step is in pellet form, and m which the peUets are made by extrusion of the starting 
material components carried out at temperatures below the gel formation temperamre of each 
of the components being formed into pellets. 

18. The process according to claim 14 in which the starting material for the 
extrusion step is in pellet form, and in which the pellets are made by extrusion of the starting 
material components carried out at temperatures below the gel formation temperamre of each 
of the canq)onents being formed into pellets. 

19. The process according to claim 14 m which the starting material for the 
extrusion step comprises a blend of a fluoropolymer and an acrylic polymer, and in which 
the extruded material is maintained at a temperature below the gel formation temperamre of 
the fluoropolymer. 

20. The process according to claim 19 in which the extrusion temperature is below 
about 450»F. 

21. The process according to claim 20 in which the extruded material is subjected 
to an extruder rotational rate of less than about 50 rpm. 

22. The process according to claim 14 in which the extruded material comprises a 
thermofoimable fihn having less than about five defects based on the C-charting standard of 
measurement. 

23. The process according to claim 19 in which the starting material for the 
extrusion step is in pellet form, and in which the peUets are made by first extruding the 
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aciyUc component into pellet fonn foUowed by extruding the fluoioplymer component from 
a peUet fonn to the extruded clear coat fihn material. 

24. The process according to claim 14 in which the starting material is in briq^^ 
fonn produced by con^ressing the starting material polymers; in dry powder form to i«tace 
heat generated to below that produced by extrusion of the same starting materials. 

25. A process for making a protective and decorative sheet material comprising 
extrusion coating a solid polymeric material from an extrusion die onto a smooth surface of 
a earner sheet traveling continuously past the extruder die opening to fonn a first layer 
compnsmg a weatherable thennoplastic and thennofonnable optically clear coat of unifonn 
thickness on the carrier sheet; cooling the extrusion coated first layer to harden the first layer 
on the carrier sheet; applying a pigmented second layer of a thennoplastic and 
thennofonnable polymeric material in thin fihn fonn to the hardened first layer to fonn a 
composite paint coat in which the first and second layers are bonded to each other while 
supported by the release-coated carrier sheet; laminating a thennofonnable polymeric 
supportive sheet to the second layer side of the con,K,site paint coat; and separating the 

earner sheet from the composite paint coat to expose an outer suifece of the first layer as a 
transparent protective outer coat for the pigmented second layer, the outer surface of the 
protective first layer having a high gloss and high distinctness-of-fanage of exterior 

automotive quality transfened to it from its previous contact with the earner sheet. 

26. The process according to claim 25 in which the second layer is solvent cast on 
die first layer. 

27. The process according to claim 25 m which the second layer is extnision coated 
as a solid polymer, followed by cooling to harden the second layer. 

28 . The process according to claim 25 including applying the supportive sheet to 
the color coat side of the laminate prior to separating the carrier from the laminate. 

29. The process according to claim 25 in which the solid polymeric material 
compnsmg the extnision coated first layer is a blend of PVDF and acrylic resins. 

30. The process according to claim 25 in which the first layer is extnision coated 
onto the earner sheet at a line speed greater dian 50 feet/minute. 

31. The process according to claim 25 in which the outer surface of the extnided 
clear coat has a distinctness-of-miage in excess of 60. 

32. The process according to claim 25 in which die clear first layer and pigmented 
second layer con^ a blend of a PVDF copolymer and an acrylic resin. 

33. The process according to claim 25 in which the supporting sheet is coextruded 
with a pnmer coat prior to applying the primer coat side of the coextnision to the pigmented 
second layer side of the paint coat. 

34. nie process according to claim 25 in which the first layer is extnision coated 
ftom an extnider in which heat generated within the extruded material is controlled to a 
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temperature below the gel fonnation temperature of the polymers contained in the extruded 
material. 

35. The process according to claim 34 in which the extruded material is subjected 
to an extruder rotational rate of less than about 50 rpm, producing a line speed of more than 
about 100 ft/min. 

36. The process according to claim 35 in which die extruded material is subjected 
to an extrusion pressure below about 1,000 psi. 

37. The process according to claim 36 in which the starting material for the 
extrusion step is in pellet form, and in which the peUets are made by extrusion of die starting 
material components carried out at temperatures below die gel formation temperature of each 
of the components being formed into pellets. 

38. The process according to claim 34 in which the starting material for the 
extrusion step is m peUet form, and in which die pellets are made by extrusion of die starting 
material components carried out at temperamres below die gel formation tenqierature of each 

15 of die components being formed into pellets. 

39. The process according to claim 34 in which die starting material for the 
extrusion step conqirises a blend of a fluoropolymer and an acrylic polymer, and in which 
die extruded material is maintained at a temperahire below the gel formation temperatore of 
the fluoropolymer. 

20 40. The process according to claim 39 in which die extrusion temperature is below 

about 450°F. 

41 . The process according to claim 40 in which die extruded material is subjected 
to an extruder rotational rate of less than about 50 rim. 

42. The process according to claim 34 in which die extruded material comprises a 
tiiermoformable fihn having less dian about five defects based on die C-charting standard of 
measurement. 

43. The process accordmg to claim 39 m which die starting material for die 
extrusion step is in peUet form, and in which die peUets are made by first extruding die 
acrylic component into peUet form foUowed by extruding die fluoropolymer conqxment from 

30 a peUet form state to die extruded clear coat fihn material. 

44. A process for makmg an extruded clear coat fihn having an optical clarity 
sufficient for use as a weatiierable exterior automotive paint fihn, die process con^rising 
preparing a starting material comprising an extrudable weadierable polymeric material 
prepared from a blend of weadierable polymers, and extruding die starting material in an 
extruder to form at die extruder die exit opening an extruded clear coat fihn, die extruded 
starting material being maintained at a temperature below die gel formation temperature of 
die weadierable polymers contained in die blended starting material, said temperature being 
maintained during preparation of die starting material and during extrusion into die clear coat 
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film, thereby minimizing optical defects in the extruded film sufficient for exterior 
automotive paint film requirements. 

45. The process according to claim 44 in which the clear coat fihn is extruded at 
a line speed greater than about 100 ft/min fh)m the extruder. 

46. The process according to claim 44 in which the extruded material is subjected 
to an extrusion rotational rate of less than about 50 rpm. 

47. The process according to claim 44 in which the extruded material is subjected 
to an extrusion pressure below about 1 ,000 psi. 

48. TTie process according to claim 44 in which the starting material for the 
extrusion step comprises a blend of a fluoropolymer and an acrylic polymer and in which the 
extruded material is maintained at a temperature below the gel fonnation temperature of the 
fluoropolymer. 

49. The process according to claim 48 in which the extruded material is maintained 
at a temperature below about 450"?. 

15 50. The process according to claim 44 in which the extruded fihn comprises a 

thermofotmable weatherable fihn wifl» a defect level of less flian about five defects based on 
the C-charting standard of measurement. 

51. A process for making an extruded fihn of high optical clarity comprising 
preparing an extrudable polymeric material from a blend of weatherable polymers to form 
20 a starting material, and extruding the starting material to form a the extruder tf^ 

and optically clear thermoformable weatherable fihn with a defect level of less than about 
five defects based on the C-charting standard of measurement, said starting material being 
extruded at an operating temperature below the gel formation temperature of die polymeric 
materials contained in the startiiig material. 
25 52. The process according to chiim 51 including applying the extruded clear fihn 

to a layer of exterior automotive paint to form an exterior automotive decorative fihn sheet. 

53. The process according to claim 51 mcluding applying the extruded clear fihn 
to a layer of wmdow glass. 

30 
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